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SUMMARY 

The  Electrical  Control  Unit  in  the  F/A-18  Hornet  aircraft  is  field-replacable  hut 
suitable  test  equipment  for  this  unit  is  not  available  in  Australia.  Both  the  United 
States  Navy  and  the  Canadian  Defence  Forces,  which  also  operate  the  Hornet  aircraft, 
concede  deficiencies  in  flight-line  test  facilities  for  this  unit  anii  various  proposals  have 
been  put  forward  to  rectify  the  situation.  The  main  purpose  of  the  visit  to  USA  anti 
Canada  was  to  analyse  these  proposals  and  advise  the  Royal  Australian  Air  Force  of  the 
potential  of  each  proposal  to  meet  Australian  service  requirements.  During  the  visit  the 
opportunity  was  taken  to  present  three  papers  on  ARE  research  at  conferences  in  the 
USA.  and  to  discuss  future  trends  in  gas  turbine  controls. 
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ABBREVIATIONS  AND  DEFINITIONS. 
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ADA 

AFM 
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ARTERI 
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AUTOCODE 

BETA-TEST 

BMAC 

CDF 

CEMSiv 

CONTROL,; 

DARPA 

DECK 

DECU 

DF.EC 

DMICS 

DND 

ECU 

EDAB 

ELXSI 

EMS 

EMS 

ETHERNET 

F404-400D 

F404-GE-400 

FADF.C 

FOCSI 

FOSTI 

OF. 

HP 

IBM  PC 

1CLE 

IECMS 

INTERFACE 

IRAD 

ISI 

J6I 

TIDE 

matrix, 

MFC  A 
MFPCi 
MI  MO 
MSDRS 
MU-LISP 
Me  AIR 


Compuier  simulation  language 

US  Department  of  Defense  standard  software  language 
Advanced  Fuel  Management  project  [NAPC] 

Avionics  Fault  Tree  Analyser  fMcAIR] 

(US)  Air  Force  Wright  Aeronautical  Laboratories 

American  Helicopter  Society 

American  Institute  of  Aeronautics  and  Astronautics 

Avionics  Integrated  Maintenance  Expert  System  (McAIR  Project) 

Australian  National  University,  Canberra 
Workstation;  single  user  graphics  computer 

Aeronautical  Research  Laboratory  [Australian  Department  of  Defence] 

Analytic  Redundancy  Technology  for  Engine  Reliability  Improvement  [NAPC] 
American  Society  of  Engineering  Education 
Automatic  Test  Equipment 

Extension  to  MATRIX,  which  produces  program  code  (ISI] 

Second  phase  or  external  testing  (alpha  “internal) 

Boeing  Military  Aircraft  Company 
Canadian  Defence  Forces 

Fourth  generation  of  Comprehensive  Engine  Maintenance  System  [SCT] 

A  control  system  design  and  analysis  software  package  [SYSCON] 

(US)  Defense  Advanced  Research  Projects  Agency 

Data  set  for  a  program  or  simulation  (from  a  "deck  of  cards") 

Digital  Electrical  Control  Unit  [GE  proposal  for  F404  control) 

Digital  Electronic  Engine  Controller  -  First  generation  cf  FADEC 
Design  Methods  for  Integrated  Control  Systems  [AFWAL] 

(Canadian)  Department  of  National  Defence 
Electrical  Control  Unit  [part  of  F404  control] 

Engine  Diagnostics  Adapter  Box  ("Buffer  Box")  [McAIR] 

Multiprocessor  computer  system  [Brandname] 

ELXSI  emulation  of  VMS.  the  VAX  operating  environment 
Engine  Monitoring  System  [Various] 

An  interconnection  standard  for  Local  Area  Networks 
Dry  (no  afterburner)  version  of  F404  engine. 

Engine  in  FA-I8A  and  similar  aircraft 

Full  Authority  Digital  Engine  Contioller  -  second  generation  DF.EC 
Fiber  Optic  Control  System  Integration  [NAPCT 
Fibre  Optic  Sensor  for  Turbine  Inlet  [NAPC] 

General  Electric 

Hewlett  Packard:  instrumenl/computcr  manufacturer. 

International  Business  Machines  (or  compatible)  Personal  Computer 
Integrated  Control  Law  Evaluation  [AFWAL] 

Inflight  Engine  Condition  Monitoring  System  [FA- 18] 

INTegrated  Reliable  F  Ault-tolerant  Control  [AFWAL] 

Independent  Research  And  Development  funding  (internal) 

Integrated  Systems  Inc.  [Produce  MATRIX,] 

Diagnostic  connector  on  F404  ECU. 

Joint  Technology  Demonstrator  Engine  [NAPC] 

A  control  system  design  and  analysis  software  package  from  ISI 
Multimission  Engine  Control  for  Aircraft  |NAPC| 

Mechanical  Failure  Prevention  Group 
Multi-Input  Multi-Output  control  or  simulation 
Maintenance  Signal  Data  Recording  Set  (on  I  404) 

Multi-User  version  of  computer  language  LISP 
McDonnell  Aircraft  Co. 
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NARF 

NASA 

NASC 

NATC 

NAVPRO 

NEFF 

NRCC 

NWC 
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N2 
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PSC 

PhD 

QA 
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SYSCON 
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UETP 

USAF 

USN 
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VAXstation 

VME 

XMAN 


/IIS)  Naval  Air  Propulsion  Center.  Trenton .  New  Jcr.L'Y 
(US)  Naval  Air  Rework  Facility,  Pensacola.  Florida 
(US)  National  Aeronautics  and  Space  Administration 
(US)  Naval  Air  Systems  Command 
(US)  Naval  Air  Test  Center,  Patuxent  River.  Maryland 
(US)  Navy  Production  Office;  Includes  QA  and  Acceptance. 

Brandname  for  data  acquisition  front-end 
National  Research  Council  of  Canada 
Naval  Weapons  Center  at  China  Lake 
Speed  of  rotation  of  compressor,  etc. 

Speed  of  rotation  of  power  turbine  cf  N  > 

A  microprocessor  implementation  of  the  computer  language  PL/1 
[AFWAL/POTC]  Division  of  AFWAL  concerned  with  turbine  engine  control 
Performance  Seeking  Control  [AFWAL] 

Doctor  of  Philosophy;  particularly  in  science  or  engineering 

Quality  Assurance;  responsible  for  checking  quality  ai  production 

Royal  Australian  Air  Force 

Royal  Melbourne  Institute  of  Technology 

Resource  Sharing  Executive;  a  PDPI I  operating  system 

Real  Time  operating  system  as  used  at  ARL 

Systems  Control  Technology 

Seattle  Tacoma  International  Airport 

Stanford  Research  Institute.  California 

Systems  Control  [commercial  arm;  see  SCT] 

Turboshaft  engine 

(Australian)  Tactical  Fighter  (FA-I8A)  Project  Office 
Temperatures  at  1st  and  5th  engine  stations 
Uniform  Engine  Test  Program  [NRCC] 

United  States  Air  Force 
United  Stales  Navy 

Computer  system  from  Digital  Equipment  Corporation 
Workstation:  single  user  graphics  computer  cf  VAX 
A  standard  for  Printed  Circuit  Boards 
Expert  Manager  for  CEMSiv  [SCT  project] 


1.0  INTRODUCTION. 


During  October  and  November  1986.  a  visit  to  the  United  States  of  America  (USA)  and  '"'/made  ***** 
undertaken.  The  objectives  of  the  visit  included: 

1  Investigation  of  means  of  improving  reliability  and  testing  of  the  Electrical  Control  Unit 
(ECU)  for  the  F404-GE-404  engine  used  in  Australia's  F/A-18A  aircraft, 

2  Presentation  of  three  papers4,5,6  on  scientific  work  at  ARL  at  two  different  conferences  in 
the  USA,  and 

3  Examination  of  current  trends  in  turbine  engine  control  system  research. 

Twelve  establishments  were  visited;  these  comprised  engine  and  aircraft  manufacturers,  military 
aircraft  operators  representatives  and  advanced  control  software  specialists.  The  two  conferences, 
at  which  the  ARL  papers  were  presented  by  the  author,  were  attended.  In  the  following  sections 
highlights  of  the  discussions  held  at  the  various  locations  are  presented  in  chronological  sequence. 

Comments  and  recommendations  relating  to  the  major  visit  objective  (1)  above,  have  been  collated  in 
Annex  A.  Background  information  relating  to  this  visit  is  provided  in  the  following  sub  sections. 


1.1  RAAF  Maintenance  Levels  and  Procedures. 

The  need  to  provide  a  "means  of  improving  reliability  and  testing  of  the  Electrical  Control  Unit 
(ECU)  of  the  F404-GE-404  engine  used  in  Australia’s  F/A-I8A  aircraft"  arises  because  a  deficiency  in 
current  procedures.  The  Royal  Australian  Air  Force  (RAAF)  divides  engine  maintenance  procedures 
into  three  areas: 

1  Operational  procedures,  called  "O-Level"  maintenance,  involve  flight  line  or  in-aircraft 
testing;  (in  the  US  Air  Force,  this  level  of  maintenance  is  also  called  O-level  but  the 
abbreviation  stands  for  "Organizational"  not  "Operational"! 

2  Intermediate  procedures,  called  "I-Level"  maintenance,  involve  tests  on  complete  engines  or 
engine  systems  or  modules  on  a  test  stand; 

3  Depot  procedures,  called  "D- Level"  maintenance,  involve  tests  carried  out  at  a  maintenance 
or  repair  depot,  including  tests  on  components  removed  from  the  engine. 

The  testing  nt  all  levels  is  usually  carried  out  hv  following  a  "Fault  Tree".  This  is  simply  a 
checklist  which  follows  a  particular  path  to  suit  each  documented  problem.  In  order  to  proceed  down 
each  path,  it  is  necessary  to  confirm  that  various  items  are  not  faulty  before  continuing.  The 
problem  which  arises  with  the  Electrical  Control  Unit  (ECU)  is  the  lack  of  a  suitable  tester  for 
this  unit  at  any  of  the  maintenance  levels  in  Australia.  This  means  that  the  only  way  to  confirm 
that  the  ECU  is  not  the  source  of  a  problem  is  to  change  it.  Since  changing  (he  ECU  is  a  straight 
forward  job.  high  on  the  fault  tree,  a  large  percentage  of  ECUs  removed  are  expected  to  be  service¬ 
able.  The  removal  of  a  serviceable  ECU  is  referred  to  as  a  ’false  removal*. 

When  an  ECU  is  changed,  it  is  currently  necessary  to  send  it  back  to  the  USA  for  testing.  This 
procedure  takes  considerable  time  which  increases  the  number  of  spare  ECUs  needed  to  maintain  the 
same  number  of  serviceable  engines.  The  questions  which  arise  are. 

Ql.  Is  it  possible  to  reduce  the  number  of  ECUs  removed  Irom  the  engines  by  some  testing  procedure 
at  the  O  or  J  -Level? 

Q2:  Is  it  possible  to  return  serviceable  ECUs  already  removed  (through  "false  removals”)  to  service 
by  some  testing  procedure  at.  or  prior  to.  I )- Level  (which  is  in  USA  for  ECU)? 

Q.L  Arc  there  anv  other  testing  procedures  which  could  be  beneficial  in  reducing  the  number  of 
lobe  removals? 


I 


The  Canadian  Defence  Forces  (CDF),  which  also  Operate  F404-GE-400  engines  in  F/A-l  8  aircraft,  com¬ 
missioned  an  external  contractor  (Gastops  Ltd.1)  to  do  a  design  study  for  a  F404  LCU  tester  to  meet 
CDF  requirements.  General  Llectric  (GE:)  has  also  designed  several  testers  for  the  KCU  ranging  from 
simple  O- Level  cable  continuity  checkers  to  complex  D-Level  Automatic  Test  Fquipmenl  (ATI:)  which  can 
identify  problems  in  individual  components  within  the  LCU  and  is  essentially  the  same  as  the  equip¬ 
ment  used  to  support  the  design  and  testing  of  the  F404  LCU  in  the  factory. 

Accordingly,  I  was  able  to  discuss  the  three  questions  above  with  representatives  of  the  aircraft 
manufacturer  (McDonnell  Aircraft),  the  ECU  manufacturer  (General  Electric  Fort  Wavne),  the  engine 
manufacturer  (General  Electric  Lynn),  and  representatives  of  the  other  two  major  users  of  the  air¬ 
craft  (United  States  Navy  (USN)  and  CDF). 


1.2  Presentation  of  Papers. 

Two  papers,  one  written  by  my  group  leader  and  the  other  by  myself,  were  accepted  for  the  American 
Institute  of  Aeronautics  and  Astronautics  (AIAA)  Aircraft  Design  Meeting  at  Dayton  Ohio.  Other 
papers  being  presented  there  were  also  of  interest.  A  third  paper,  co-authored  by  my  group  leader, 
was  presented  by  me  to  the  41st  meeting  of  the  Mechanical  Failures  Prevention  Group  in  Maryland. 


1.3  Engine  Control  Research  Trends. 

I  am  a  member  of  the  "Engine  Control  and  Data  Systems"  Group  in  the  Propulsion  Branch  of  the 
Aeronautical  Research  Laboratory  (ARL)  which  forms  part  of  the  Australian  Defence  Science  and  Tech¬ 
nology  Organisation  (DSTO).  This  group  conducts  background  research  into  turbine  engine  control 
systems  and  propulsion  data  systems.  Expertise  gained  in  these  areas  is  applied  to  support  the 
operation  of  military  aircraft  in  Australia.  The  evaluation  of  the  F404  ECU  test  equipment  propo¬ 
sals  represents  one  example  of  the  use  of  this  knowledge.  At  present.  I  am  also  involved  in  the 
development  of  a  digital  controller  for  a  small  gas  turbine  engine  used  for  research  purposes.  The 
trend  to  digital  control  of  gas  turbine  engines  is  strong  but  there  are  still  relatively  lew  exam¬ 
ples  of  their  use  ;n  military  engines. 


2.0  ONE-DAY  VISIT  TO  BOEING  CONTROLS  GROUP. 

Boeing  Military  Aircraft  Company  [BMAC]  undertake  controls  research  from  a  site  at  SFA-TAC 
[Seattle-Tacoma]  airport.  I  visited  this  establishment  on  my  First  working  day  in  USA  and  met  with 
Dr  George  Hennig.  supervisor  of  the  Control  Sciences  Group,  in  the  absence  of  my  original  contact  Dr 
Dagfinn  Gangsaas  who  was  overseas. 

George  discussed  BMAC  methods  of  applying  classical-type  frequency  domain  methods  to  "optimize"  sys¬ 
tems  modelled  using  state-space  representation.  The  technique  involved: 
formulate  "open  loop"  case; 

Fit  frequency  response  to  roll-off  Bode  plots  at  b  dec i  1x4 s  (db)  per  octave  ji.e.  a  pole 
of  order  onc|; 

add  integrators  (up  to  number  of  control  outputs)  to  allow  slopes  to  be  smoothed  (eliminate 
poler./zcros): 

fit  to  closed  loop  case  and  test. 

As  long  as  the  slope  of  the  Bode  plot  gives  non  zero  gain  at  zero  frequency  |DC)  and  falls  to  zero 
gain  at  frequencies  well  below  those  corresponding  to  anv  structural  (aero-elastic)  modes,  the  above 
technique  works.  The  technique  is  largely  based  on  theory  developed  by  Professor  John  Moore  of  the 
Australian  National  University  but  BMAC  interprets  the  theory  according  to  aircraft  design  experi¬ 
ence:  BMAC  found  some  difficulty  initially  in  using  the  ANU  theories  but  has  since  found  that  the 
technique  allows  "physical"  interpretation  to  he  given  to  modern  design  methods. 


The  above  technique  uses  a  Muili-Input  Multi-Output  |MIMO]  approach  and  allows  a  single  flight  con¬ 
troller  to  replace  separate  lateral,  longitudinal,  dutch-roll  etc.  controllers.  As  well,  if 
sideslip  is  one  of  the  terms  with  an  integrator  and  if  sideslip  input  is  held  7.ero  throughout  a 
manoeuvre,  the  MIMO  controller  will  automatically  co-ordinate  turns.  The  control  surfaces  involved 
may  change  with  the  aircraft  configuration,  hut  the  method  will  not  work  with  insufficient  control 
power.  Although  some  parameters  may  vary  by  as  much  as  100  to  I.  adaptive  control  techniques  are 
not  used,  although  gains  may  be  scheduled. 

This  approach  was  used  on  two  recent  BMAC  studies,  one  of  which  was  a  US  Tactical  Tighter  proposal 
and  the  other  an  in-house  combat  proposal.  George  noted  that  visualization  appears  easier  using 
this  approach  and  that  there  were  less  problems  with  parameter  errors  reflecting  in  the  higher  ord¬ 
ers.  [Higher  order  terms  are  usually  more  sensitive  to  errors  in  the  assumed  design  parameters.] 

BMAC  still  relies  on  engine  companies  to  provide  engine  control  systems  but  is  now  setting  up  its 
own  research  staff  to  support  engine,  propulsion  and  airframe  integration.  At  this  point  in  the 
discussion,  we  were  joined  by  Dr  Donald  G.  Iverson  who  is  working  on  integration  of  propulsion  con¬ 
trol. 

Don  is  a  strong  proponent  of  integrated  propulsion  control  using  airframe  computers.  Of  the  major 
US  engine  companies,  only  Garrett  agrees  with  this  approach  at  present;  both  General  Electric  [GH] 
and  Pran  and  Whitney  prefer  on-engine  systems  with  triple  and  double-double  redundancy  respective¬ 
ly.  Allison  apparently  has  not  declared  its  policy  on  this  matter.  Don  noted  that  Russ  Vizzini 
disagrees  with  hint  [see  later  report  on  talks  with  Russ)  Don  considers  that  the  trend  to  use  more 
and  more  computers,  each  over-specified  [usually  50%  more  speed,  50%  more  memoryj  to  allow  for 
growth,  and  fitted  in  banks  of  .1  [triple  redundancy)  or  4  [double-double  redundancy)  leads  to  a 
weight  and  complexity  penalty.  If  control  software  has  to  be  written  in  ADA  (this  is  current  US 
proposal),  then  it  could  be  run  on  a  common  bank  of  computers.  [Engine  companies  (sec  sections  on 
GE  later)  do  not  favour  this  approach  since  it  makes  it  more  difficult  to  differentiate  between 
engine  and  airframe.] 

Don  proposed  a  system  providing  both  flight  control  and  propulsion  control  and  comprising  six  ident¬ 
ical  computers,  each  performing  multiple  tasks.  Engine  control  would  simulataneously  use  any  two  or 
three  but  non-critical  jobs  would  use  just  one  of  these  computers.  With  such  an  arrangement,  a  good 
laiiuic  d-.w-u  *vs  system  is  r.sr.  discuss*-'-'  reared  the  merits  of  "similar"  and  "dissimilar" 
redundancy,  fault  detection  methods,  sensor  connections  and  representation  ol  the  system  being  con¬ 
trolled. 

With  "similar"  redundancy,  the  same  program  is  run  with  the  same  (redundant)  inputs  on  the  same 
processor  type.  Any  software  "hug"  would  cause  the  same  apparent  fault  on  more  than  one  processor. 
With  "dissimilar"  redundancy,  three  different  versions  of  the  program  are  run  and  each  mas  use  dif- 
ferent  hardware.  Since  tl>c  three  answers  ntav  have  different  rounding  errors  and  take  diltcrent 
times  to  compute,  the  problem  with  dissimilar  redundancy  is  to  arrive  «u  a  mGftuJ  et  ..  die 

results. 

Don  said  that  it  is  now  accepted  that  faulty  processor  systems  should  detect  their  own  faulty  state. 
[It  is  not  acceptable  to  allow  a  possibly  faulty  processor  to  vote  to  shut  down  a  good  one.|  This 
approach  needs  hardware  in  each  processor  system,  such  as  watchdog  timers,  to  help  detect  processor 
and/or  software  malfunction.  [Watchdog  (inters  are  counters  which  need  to  be  reset  by  the  processor 
at  regular  times;  if  Ihe  processor  fails  to  reset  the  watchdog  in  a  specified  time,  then  the  watch¬ 
dog  will  attempt  to  restart  the  processor  and  if  this  fails  will  render  it  inoperative.! 

Don  said  that  engine  behaviour  models  being  used  by  BMAC  were  pro'. ided  by  the  engine  companies. 
BMAC  has  experienced  particular  problems  with  transient  models  which  often  include  proprietary 
information,  may  he  difficult  to  run  and  are  sometimes  impossible  to  interpret.  The  term  "integrat¬ 
ed  propulsion  control"  was  defined  by  Don  to  mean  a  single  controller  supervising  the  inlet,  engine 
and  nozzle.  This  was  seen  as  most  appropriate  lot  combat  aircraft  where  nozzle  deflection  ntav  Ih' 
used  to  improve  manoeuvring  ability 


Don  considers  that  fibre  optic  sensors  and  cables  are  necessary  lor  olf-engine  control.  Problems 
may  arise  in  transposing  data  from  such  sensors  onto  existing  aircraft  multiplexed  buses.  Don 
prefers  the  use  of  state-space  models  rather  than  transfer  functions  and  does  not  use  the  Hoeing 
F.ASY-5  software.  He  has  also  had  some  problems  with  an  early  Apollo  version  of  MATRIX,  but  sa\s  the 
Vaxstation  version  seems  satisfactory.  He  prefers  BMAC's  own  in-house  system  which  is  currently 
proprietary. 

Don  and  George  referred  to  Uyloi  Lv.  a  member  of  BMAC  Control  Sciences  ( iroup  who  was  cun oi'h  work¬ 
ing  at  ANU.  |On  return  to  Australia.  I  was  able  to  arrange  for  two  members  of  our  stall  to  visit 
ANU  for  a  lecture  by  Dr  Lv  bur  a  planned  trip  for  Dr  Lv  to  talk  at  ARL  had  to  be  cancelled  when  he 
needed  to  return  to  USA  ] 

George  also  mentioned  that  BMAC  was  involved  in  work  on  an  "Advanced  Propulsion  Monitoring  System " 
for  which  GE  was  the  prime  contractor.  Apparently  BMAC  did  the  computer  design  but  had  vet  to  see  a 
copy  of  the  final  report. 

I  discussed  with  George  and  Don  the  proposed  ARL  research  agreement  *»h  AM  I  on  robustness  of  con¬ 
trol  systems  for  use  in  turbine  engine  control  They  had  some  constructive  comments  and  offered 
some  references'  s  .  the  first  two  of  which  1  was  able  to  sight  at  BMAC. 


3.0  VISIT  TO  MCDONNELL  AIRCRAFT. 


One  of  the  major  reasons  for  this  visit  was  to  evaluate  proposals  being  made  hv  McDonnell  Aucr.dr 
Company  (McAIR)  for  development  of  test  equipment  for  engine  electrical  units  A  full  discussion  of 
the  McAIR  proposal  and  my  recommendations  arising  from  that  are  presented  separately  in  Annex  A 

My  contact  at  McAIR  was  A.  J.  (Jerry)  Volsen.  Lead  Engineer  Electronics  lor  the  I  A- IK  Advanced 
Design  team.  Five  members  of  that  team  gave  me  a  detailed  presentation  on  advanced  concepts  toi  the 
possible  use  of  an  upgraded  Avionics  Fault  Tree  Analyser  (AFTA)  and  other  equipment  on  the  Advanced 
Hornet  (FIS)  program.  I  saw  presentations  and  demonstrations  of  this  work.  done  mulct  Independent 
Research  And  Development  (IRAD)  funding,  and  including  feasibility  **uum  -  land  Mifliuent 
hardware/ software  design  to  support  such  studies)  on:- 

Use  of  APIA  for  engine  diagnostics  (Presented  by  Jerry  Volsen  and  Catoi  Sanders) 

Use  of  AFTA  for  Maintenance  Signal  Data  Recording  Set  (MSDRS)  tape  playback  erase  i  Jerry* 
Possible  future  use  of  Avionics  Integrated  Maintenance  Expert  System  (AIMS*  to  supplement 
AFTa  in  all  three  roles  (Keith  Blankenship  and  Mike  Harris). 


AFTA  normally  tests  avionics  by  imping  the  built-in  test  routines  it*  the  selected  avionics  unit 
The  ECU  docs  not  have  this  capability  however  and  does  not  connect  to  the  aircraft  bus  Irom  which 
AFTA  normally  acquires  all  its  data.  For  these  reasons,  extension  to  provide  ECU  testing  capability 
represents  a  major  upgrade  to  AFTA  requiring  a  buffer  box  to  connect  to  the  engine,  associated 
cabling  and  an  engine  simulator  to  verify  the  cn&ine  fault  trees.  Software  to  support  the  user 
interface,  fault  tree  selection  and  the  engine  simulation  also  have  to  he  provided  McAIR  had  no' 
done  any  major  work  on  the  engine  simulator  but  claimed  to  have  done  sufficient  work  on  the  other 
items  to  prove  that  such  a  role  for  AFTA  was  feasible. 

One  of  the  major  stumbling  blocks  in  using  APIA  to  diagnose  faults  in  the  existing  ECU  i*  the  lack 
of  any  interconnection  between  the  ECU  and  the  rest  of  the  aii craft  systems.  McAIR  promised  to 
overcome  this  using  an  Engine  Diagnostics  Adapter  Box  (EDAB)  plus  improved  access  to  data  in  the 
on  board  MSDRS. 
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3.1  losing  Al  l  A  to  Read  MSDKS  Tapes. 


Since  AFT  A  connects  to  the  aircraft  multiplexed  bus.  it  can  collect  data  from  any  other  unit  also 
connected  to  the  hus  I  he  MSDRS  (defined  ;ilxnc)  recoids  a  wide  range  of  events  on  magnetic  tain- 
cartridges  These  data  are  currently  underutilized  McAlR  is  proposing  ,ir>  alternative 
data  collection  scheme  in  w  hich  the  tapes  arc  not  removed  Irom  the  aircraft.  Instead  AI  I A  would  he 
used  to  read  the  tapes  in  situ,  to  transfer  these  data  to  a  database,  and  rewind  and  erase  the  tape. 
Some  of  these  data  relate  to  engine  events  such  as  the  fault  flags  which  lead  to  maintenance  checks 
on  the  K(TT.  Accordingly,  this  proposed  use  of  AFTA  lias  potential  application  in  the  testing  of  the 
ECT 


3.2  McAlR  Buffer  Box  (EDAB)  Proposal. 

Only  some  of  the  engine  signals  connect  to  the  airframe  for  use  by  the  MSIX'/MSDR  maintenance  record¬ 
ing  systems  mentioned  above.  All  proposals  to  check  the  l;CU  have  assumed  that  additional 
connections  to  the  ECU  (usually  via  Jhl.  the  test  connector  on  the  ECU)  will  he  necessary.  I  he  cur¬ 
rent  McAIK  proposal  for  the  EDAB.  includes  buffer  amplifiers,  multiplexers,  analog -to-digital 
converters  and  a  microcontroller  (Intel  X75I  or  similar)  within  the  EDAB  This  means  that  the  ICC 
and  EDAB  combination  will  be  treated  as  a  testable  unit  by  AI  I  A  under  the  McAlR  proposal  1  he  1:1  >AB 
will  have  a  direct  link  (called  the  NIC  Link)  to  APIA  and  will  not  communicate  via  the  ancralt  bus 


3.3  Hardware  and  Software  Standards. 

It  is  likely  that  VME  standaid  boards  will  be  used  in  the  I  D.\|t  and  that  *ol!ware  would  be  wniirn  in 
1*1.  M  with  transfer  to  ADA  some  time  in  the  future. 


3.4  Project  Direction. 

Me  AIR  has  concluded  that  a  joint  McAlR  <  *1:  (  uxtomer  piogrnm  could  develop  <  >pet  ational  |t 1 1  or  I  ntei 
mediate  [I|  level  engine  test  capability  but  that  independent  efforts  bv  anv  one  of  these  gioups  is 
unlikely  to  succeed  McAIK  sees  some  of  these  proposed  new  AI  I  A  lum  turns  becoming  on- boat d  link 
turns  tor  the  AIMES  expetl  system  when  a\  tonic  s  impiovemrnts  piovide  sp  ue  and  added  on  hoaid 
computing  power  lor  such  extensions  Mi  AIR  claims  that  the  liisi  Unlit  o!  the  AIM!  s  democisti  at-  u 
in  lanuarv  l‘*Xo  was  tin*  fiist  flight  ot  an  e\pi‘il  system  in  a  tightei  am  raft 

For  more  inf-,  a  mat  ion  on  this  prn|xisal  lefet  to  detailed  repoit  aiul  lecoimnend.ihou  ot  Annex  A 


4.0  VISIT  TO  <;K  FORT  WAYNE  PLANT. 


1  was  privileged  to  lx*  one  of  the  first  foreign  visiiois  to  tins  new  facility  in  Indiana  ll  l 
mantif.u  tme.  previously  earned  out  .it  the  (»I  I  •vendalr  plant  neat  (  nu  inatti .  is  now  pei  toiined  hete 
in  this  toboi  assisted  laefoiv 

Mv  contacts  tot  this  visit  were  Jim  Bmgel.  the  Shop  M.magei  .  and  Dennis  Betiv.  Piogiam  Man.igei 
I  KM  -liM)  I  Jcc  trim ic  Controls,  who  dime  horn  I  'eml.de  ((  thiol  to  talk  with  me  Dennis  took  me  on  a 
guided  tour  of  the  I  -KM  test  aiea  whete  1  saw  the  l  -KM  1(1'  test  stands  and  Inn  showed  me  the  eontiol 
system  manufai  tin  mg  area  I  also  saw  new  fat  dilies  loi  making  state  of  ait  ■•mt.Kf  mounteil  elei 
tronu  hybrid  modules  and  saw  some  ot  the  test  modules  made  using  these  facilities  1  discussed 


tmti to  trends  in  control  units,  control  diagnosis  and  Imi  -end  test  equipment  ji.e.  that  with 
i  onsidrr.tHv  less  complexity  than  the  full  ATE]  with  Dennis  and  local  engineering  design  staff 
including  Ron  flaack  and  Jim  Dolle  Jim  Hinge)  then  gave  me  a  guided  lour  of  the  impressive  robotic 
pail  handling  facilities  ot  the  new  plant 


4.1  ECU  Manufacture. 

The  F:4()4  ECUs  are  assembled  using  resistors  of  typical  values  mounted  on  external  pins  on  the 
modules.  The  Automatic  Test  Equipment  (ATE)  is  used  to  confirm  values  which  are  then  soldered  down, 
covered  with  water-proofing  and  retested.  This  testing  and  retrimming  is  done  with  the  ECU  in  an 
oven  and  the  modules  are  tested  for  thermal  effects  by  dunking  the  test  frames  holding  the  modules 
into  cold  and  hot  baths  alternately. 


4.2  ATK  units. 

I  saw  several  types  (variants)  of  ATE  in  use  or  being  built.  Typically,  (hey  make  use  of  a  HP 
mini-computer  with  various  brands  of  test  ii..,.rumentation .  The  same  units  are  used  to  test  ECU 
module*,  trim  ECUs  and  find  faults  in  ECUs  returned  for  repair.  Several  ATE  units  were  being  put 
together  tor  the  US  Naw  Air  Station  at  Jacksonville.  Florida. 


4.3  finding  faults. 

Typically  a  faulty  module  or  ECU  will  show  a  saturated  output  on  one  or  more  analog  amplifier. 
Units  with  transient  or  inlet mittent  faults  arc  usually  found  using  the  thermal  "dunking"  method 
mentioned  above.  Non-faulty  units,  which  comprise  about  half  of  all  units  returned,  are  harder  io 
rest  than  frmJlv  units  ami.  in  most  cases,  lake  more  time  to  test. 


4.4  (  artful  with  .!<»!. 

Several  people  noted  that  the  "test  cornua  tor  Jol  can  be  a  problem  it  cate  is  not  taken,  since  the 
signals  to  Jf»l  are  three l  and  not  butteied  1  he  US  Naw  has  apparenllv  lost  an  engine  because  a 
test  instrument  connected  via  a  long  cable  to  a  h»l  ton  nee  tor.  shunted  the  fan  speed  N|  signal  suf- 
lieicntlv  to  allow  the  controller  to  overspeeu  the  engine.  All  ol  the  proposals  currently  being 
examined  use  a  "buffet  box"  connected  to  Jol  to  provide  isolation  between  Hie  controller  and  the 
test  equipment  Some  of  the  (if.  personnel  I  spoke  to  at  fort  Wayne  were  of  the  opinion  that  the 
buffer  box"  would  need  to  be  considered  pait  of  the  engine  and  be  UK's  responsibility  The  buffer 
box  responsibility  could  be  even  more  difficult  to  (feline  if  Pratt  and  Wfutnev  engines  using  (if:  con¬ 
trols  eventuate  as  currently  proposed 


4.5  ECU  Reliability. 

(if  lepiesentalives  emphasised  that  although  (lie  l  404  ECU  was  "old"  technology,  based  on  "mature”  and 
therefore  reliable  tr<  hnologv .  it  was  even  more  reliable  than  expected  The  main  problem  is  the 
siemfii  ant  mimbeis  >•)  rood  units  removed  "l.mllv 


4.6  ECU  Tester  for  ()  and  I  Levels. 


GE  has  proposed  several  test  instruments  for  use  with  the  LCU.  One  recent  proposal  was  similar  to 
the  McAlP  ALTA  proposal  except  that  it  had  no  connection  to  the  aircraft  bus.  It  used  an  Intel 
80186  microprocessor  but  the  processing  speed  was  not  fast  enough  to  perform  transient  tests; 
typical  response  time  was  one  second  or  slower.  ALTA  would  not  be  able  to  use  the  aircraft  bus  to 
acquire  ECU  data  at  a  sufficient  rate  to  perform  transient  data  tests. 

A  problem  noted  by  GE.  but  not  addressed  by  the  McAIR  proposal,  was  that  relating  to  alternator 
failure.  In  particular.  Jim  Dotle  seemed  keen  to  have  a  power  supply  to  simulate  and  test  the 
alternator. 

The  McAIR  proposal  would  redefine  the  future  of  AFTA.  particularly  as  the  US  Navy  does  not  currently 
use  it  at  O-LevcI.  Extra  test  sequences  would  need  to  be  developed  jointly  by  GE  and  McAIR. 

In  general,  the  concensus  appeared  to  be  that  the  McAIR  proposal  using  AFTA  was  feasible  as  long  as 
GE  contributed  to  the  development. 


5.0  ATTENDANCE  AT  AIAA  AIRCRAFT  SYSTEMS  MEETING. 


This  was  a  three  day  conference  organized  jointly  bv  the  American  Institute  of  Aeronautics  and 
Astronautics  (of  which  I  am  a  member),  the  American  Helicopter  Society  and  the  American  Society  of 
Engineering  Education.  It  was  held  at  the  Marriott  Hotel  in  Dayton  Ohio,  from  20  to  22-Oct-86. 

On  the  first  day.  1  attended  the  presentation  of  five  papers  on  Lighter  Aircraft  Systems  and  three 
papers  on  Propulsion-Airframe  Integration  as  well  as  the  opening  address  and  Wright  Brothers  lecture 
>n  HiMAT.  [The  Highly  Manoeurable  Aircraft  Technology  project  involved  the  use  of  part  scale  air¬ 
craft  (X-29)  to  test  the  theories  involved  in  simulated  combat.) 

On  the  econd  day.  I  presented  two  papers4 -  .  one  ot  which  l  wrote.  Both  were  well  t  revived  i 
also  attended  the  presentation  of  four  other  papers  on  Aircraft  System  Effectiveness,  two  papers  on 
other  topics  and  a  panel  session  on  Flight  Testing.  As  well  as  the  conference  sessions.  1  also 
attended  an  evening  paper  bv  Dr  Paul  McCready  given  at  the  University  of  Dayton.  This  paper,  titled 
"Stretching  the  Limits  of  Nature  and  Engineering",  clearly  showed  Dr  McCready  s  approach  to  mnova- 
tion  and  was  most  entertaining.  Later  in  Washington.  1  was  able  to  see  the  model  Ptetodacivl 
described  bv  Mackeadv  in  his  talk 

On  the  third  day.  I  attended  the  presentation  of  five  papers  on  In  ure  projects  which  were  laigely 
funded  hv  the  Defense  Advanced  Research  Projects  Agenrv  (DARPA). 

After  the  conference.  I  spent  some  time  at  the  nearby  USAL  Aircraft  Museum 


5.1  NASA  F404  Control  Proposal. 

in  a  private  conversation  alter  the  session  on  the  second  day.  during  which  we  had  both  given 
papers.  W.L  ( Prank)  Bureham  of  NASA  Dryden  indicated  that  he  would  like  to  run  a  collaborative 
program  on  a  I* Oil  Authority  Digital  Engine  Controller  |LADL.('|  ter  the  1*404  400  engine.  He  suggested 
(*E  plus  at  least  one  operator  ot  tins  engine  would  be  necessary  for  a  viable  project  He  said 
(i)  The  program  todcvelopa  I  \DLC  lor  t  hr  I  100  engine  used  in  the  I  15  (which  involved  NASA.  USAL 
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and  Pratt  Si  Whitney)  was  very  successful: 

some  figures  (such  as  acceleration)  improved  up  to  15‘c: 
diagnostics  and  reliability  were  much  improved: 

production  of  the  resulting  Digital  Electonic  Engine  Control  (DEEC)  is  now  under  way: 
there  was  a  possibility  of  adding  control  interaction  with  the  flignt  control. 

(ii)  F404-GE-400  engine  will  not  show  an  equivalent  improvement  because: 

F404  engine  is  trimmed  closer  to  surge  line: 

F404  engine  control  is  currently  more  reliable; 

F404  engine  is  less  prone  to  flame-out  and  other  problems  encountered  with  the  FIOO  engine. 

(iii)  GE  has  not  agreed  with  the  NASA  proposal  yet  but  has  shown  signs  of  increased  interest.  NASA 
already  has  an  F-18  available  at  the  Dryden  base. 

(iv)  US  Navy  is  currently  not  very  interested.  (On  later  visit  to  US  Naval  Air  Systems  Command  1 
confirmed  this  point;  in  fact  representatives  seemed  positively  disinterested;  see  later.] 


5.2  Overall  Impression. 

I  noted  an  overall  trend  in  the  papers  presented  to  regard  the  engine  plus  its  intake  and  nozzle  as 
a  single  unit  and  some  favoured  controlling  this  unit  from  the  airframe  computers.  Core  engines  may 
either: 

have  on-board  control  system  with  external  "him"  signals.  o> 

have  engine  software  moved  to  the  remote  airframe  computer  (this  is  termed  Propulsion  Con¬ 
trol). 

Other  control  arrangements  proposed  included  the  use  of  .1  subset  of  integrated  control  where  the 
flight  control  passes  requests  to  the  propulsion  control,  and  the  use  of  deflecting  nozzles  as  a 
flight  control  element.  Work  was  described  on  several  configurations  with  canards  and  nozzles  con¬ 
tributing  to  pilch  control.  A  DARPA  study  showed  use  of  a  deflecting  nozzle  should  provide 
improvements  in  yaw  control  especially  in  sub-sonic  "dogfights''. 


6.0  VISIT  TO  WRKJHT-PATTKRSON  AFB. 

My  contact  at  Wright  Field  was  Lester  Small.  Lester  explained  the  USAE  nomenclature  system  in  which 
the  1300-strong  Air  Force  Wright  Aeronautical  Laboratories  (AFWAL)  has  Avionics.  Materials,  f  light 
Dynamics  and  a  350-strong  Aero  Propulsion  (PO)  divisions.  PO  is  further  divided  i.  to  Turbine  Engine 
(POT).  Ramjet.  Power  and  Fuels  and  Lubricants  sections.  The  130  person  POT  is  divided  into  Perfor¬ 
mance  (POTA).  Advanced  Development  (PO  I  P).  Research  (PO EX)  and  Components  (POTL)  branches. 
Lester  s  Control  group,  along  with  Turbines  and  Augmented  Combustion  groups,  forms  the  Components 
Branch,  which  is  designated  AEWAL/POTC. 

It  soon  became  apparent  that  a  high  percentage  of  the  work  being  handled  by  Lester's  group  is  done 
by  external  contractors.  The  group  appeared  to  have  five  engineers  but  did  almost  ail  of  its  work 
by  letting  contracts  to  various  US  firms  and  consortia.  A  wide  range  of  projects  were  mentioned, 
with  a  major  current  area  of  emphasis  being  the  definition  of  the  form  of  second  generation  digital 
engine  contiols.  and  the  development  of  Flight/Propulsion  integration  control  laws  and  architecture. 
As  well,  the  group  sees  a  role  in  identifying  and  initiating  investigations  oi  rmciging  conn ol 
technologies  lor  long-trim  applications;  the  time-scale  here  extending  to  the  next  century' 

Lester  defines  a  first  generation  digital  control  as  one  comparable  with  that  developed  for  the 
1*404- 100  engine  proposed  lor  the  1  20  aircraft.  Another  first  generation  unit,  the  EMH)-22()  DEFT’  is 
actually  a  single  channel  1-ADEC  with  hydro-mechanical  backup  and  Lester  worked  on  the  definition  of 
the  form  of  this  conh oiler  in  1  >73  A  link  between  this  DELL  and  the  Might  Control  System  was 
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proposed  in  1973/74.  NASA  secs  this  link  as  being  able  to  move  the  fan  operating  line  up  and  down. 
A  future  trend  (second  generation  control)  is  to  power  engine  controls  front  battery  backed  sources 
with  no  separate  alternator  for  the  controls. 

A  second  generation  controller  would  thus  be  all  electric,  have  no  mechanical  backup  (e.g.  PW2037). 
be  redundant,  use  fly-by-wire  technology  and  have  "digital-geared  peripherals"  such  as  simpler  fuel 
pumps  and  shared  hydraulics. 

The  flight-engine  control  integration  subject  encompasses  combat  roles  and  control  logic  for 
canards,  nozzles  and  wing  surfaces  and  includes  architecture,  fault  tolerance  and  maintainability 
issues. 

The  final  form  of  the  digital  engine  controller  and  the  means  to  implement  control  integration  are 
both  expected  to  become  clear  over  the  next  ten  years.  One  reason  for  the  relatively  slow  progress 
towards  implementation  is  the  required  amount  of  interchange  across  existing  boundaries;  the  divid¬ 
ing  line  between  engine  and  airframe,  which  is  still  quite  strong,  will  need  to  be  relaxed.  The 
longer  term  aim  is  to  double  the  thrust/weight  capability  of  turbine  engines  by  the  turn  of  the  cen¬ 
tury.  This  would  require  both  hotter  and  lighter  engines. 


6.1  INTERFACE. 

The  INTEgrated  Reliable  EAult-tolcranf  Control  for  Engines  program  aims  to  develop  and  bench  test  a 
second  generation  EADHC  that  provides  a  substantial  improvement  in  reliability,  maintainability  and 
integration  capability.  [Note  that  an  improvement  in  performance  was  assumed  but  not  expressed.] 
This  will  require  between  US$3  and  4  million  per  year  (1985-88)  of  6.3*  funding  from  the  USS50  to  70 
million  spent  each  year  on  engine  control  research  and  development  in  the  USA.  (US$10  to  20  million 
of  this  total  is  spent  in  advanced  R  and  0:  the  rest  is  largely  applied  to  near-term  problem  solv- 
ing.  I 

The  approach  to  be  used  in  INTERFACE  involves: 

Studies  of  the  configuration  tradeoffs. 

Detailed  design  and  fabrication. 

Extensive  bench  testing  for: 
a)  fault  tolerance. 

hi  hardware  reliability  and  maintainability, 
c)  flight  control  integration. 

(J)  system  maintainahilitv. 

Software  simulation: 

Environmental  test. 

Two  teams  are  involved  under  this  contract: 

A.  (iE(Both  AEXiB  Div.  Evcndale;  and  ACS  I.)  Bingington).  and  Draper  Labs  (Guidance  and  Control 
manufacturers  of  the  Apollo  guidance) 

B.  Bratt  and  Whitney  (United  technologies),  Hamilton  Standard  (United  Technologies),  and 
Northrnp. 


k  6.3  binding  relates  to  Advanced  Development;  USA  research  funding  is  also  provided 
within  categories  b.|  Basic  Research:  6.2  Applied  Rescan. i  and  6.4  Engineering 
Development 
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Team  B  is  using  a  low-bypass  version  of  the  FI 00  engine  called  the  PWI  120.  The  system  maintainabil¬ 
ity  specification  requires  the  contractors  to  identify  faults  to  single  Line  Replacable  Units  (LRU) 
and  to  replace  that  LRU  without  recalibration  of  the  system.  The  layout  of  the  system  (all  done  in 
simulation)  comprises  the  FADEC  interacting  with  a  real-time  simulation  of  the  engine,  the  flight 
model,  comprising  a  real-time  aircraft  model,  and  pilot  input,  all  connected  via  a  token-passing 
ring  network. 


6.2  Missile/Drone  Controls. 

For  drones  and  missiles  using  low-cost  expendable  engines,  the  cost  of  the  engine  control  can  be  a 
significant  portion  of  the  "throw-away"  cost;  e.g.  the  Williams  FI 07  (700  pounds  thrust)  in  the 
cruise  missile  costs  USSIOOk/engine  of  which  US$25k  is  for  the  control.  Smaller  engines  such  as  the 
200-pound  Teledyne  engine  in  the  Harpoon  show  that  the  control  system  absorbs  an  even  greater  pro¬ 
portion  of  the  total  unit  cost.  Two  US$700k  contracts  have  been  let  to  Williams  and  Teledyne  to 
produce  low  cost  generic  control  systems  which  should  cost  about  US$2000/engine.  The  controls  will 
not  use  redundancy,  will  use  simplified  sensors  and  will  not  be  man-rated  (i.e.  not  suitable  for 
bigger  engines).  The  running  tests  are  scheduled  for  late  1988. 


6.3  DM  ICS. 

This  program,  being  a  1983  to  198b  project  on  design  methods  for  Integrated  Control  Systems,  was 
nearly  finished  at  the  time  of  my  visit.  It  was  run  with  two  teams; 

A.  Norihrup/GH/SCT 

B.  General  Dynamics/Pratt  and  Whitney/Honeywcl! 

In  each  case  the  first  contractor  was  responsible  for  the  airframe  model,  the  second  for  the  engine 
model  and  the  third  for  the  controls. 

The  project  was  purely  analytical,  involving  mathematical  models  and  simulations,  including: 

a  full  non-linear  thermodynamic  engine  model:  | These,  one  from  each  team,  are  probably  the 

most  extensive  engine  models  ever  produced.) 

linear  point  models  developed  using  linear  design  tools,  and 

simple  real-time  models  derived  from  the  other  two. 

The  pilot  input  was  important  in  this  program.  |SCT  later  told  me  that  the  Northrup/GELSCT  program 
involved  use  of  the  Notthrup  I-/A-IS  pilot  Might  simulator  to  close  the  pilot/mnchinc  loop  1  It 
appears  that  some  of  the  work  from  this  project  will  flow  on  into  INTERFACE  and  it  is  hoped  that 
DMICS  will  lead  to  a  flight  test  vehicle  in  the  1990s. 


6.4  rsc. 

The  Performance  Seeking  Control  program  is  a  cruise  (not  manoeuvre)  option.  It  is  a  joint 
GH/Northrup  program  and  uses  an  Adaptive  Trim  Control  concept.  Real-time  models  of  the  engine  and 
airframe  are  used  to  define  the  optimum  cruise  point;  i.e.  minimize  fuel  flow  for  a  set  airspeed. 
This  may  lead  to  a  possible  2  to  improvement  in  range  for  no  increase  in  hardware 
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6.5  ICLE. 


This  is  a  2.5  year  program  on  Integrated  Control  Law  Evaluation  proposed  for  commencement  in  the 
(US)  Spring  of  1987.  It  is  in  lour  parts: 

1 .  system  analysis 

2.  bench  test  hardware 

3.  test  hardware/ software  issues 

4.  analysis. 


7.0  VISIT  TO  NRCC  OTTAWA. 

My  contact  for  this  one  day  visit  to  the  National  Research  Council  of  Canada's  Division  of  Mechani¬ 
cal  Engineering  was  arranged  through  Don  Ruditski.  Head  of  the  Engine  Laboratory,  who  serves  on  a 
TTCP  panel  (HAG8  now  HTP7]  with  Denis  Frith  of  ARE  During  the  morning  of  my  visit.  Don  arranged  a 
briefing  on  work  done  by  the  group.  After  lunch,  he  conducted  me  and  a  visitor  from  the  Greek  Air¬ 
force  (on  a  two  week  AGARD  assignment:  he  arrived  the  same  day)  on  a  tour  of  the  facilities.  This 
was  followed  by  a  meeting  with  Roland  Gagne  of  the  Systems  Laboratory  who  is  hoping  to  create  a 
real-time  model  of  a  T56  engine  and  later  extend  this  to  the  F404  engine. 


7.1  NRCC  Briefing. 

The  morning  briefing  was  conducted  by  Don.  two  members  of  his  staff  and  Capt.  J.  Henry  of  the 
Department  of  National  Defence  (DND).  for  the  benefit  of  both  visitors.  1  commenced  by  asking  Don 
for  the  names  of  contacts  at  Leigh  Instruments  and  DND  regarding  Crash  Position  Indicator,  which  may 
feature  in  Ken  Fraser's  proposed  visit  in  April  1987.  I  left  several  cards  with  Don  for  forwarding 
to  Leigh  and  DND.  Don  indicated  that  NRCC  was  unlikely  to  be  interested  and  Bill  McMillan  of  DND, 
who  would  have  been  interested,  has  been  posted  and  is  moving  very  soon. 

I  then  gave  a  run-down  on  information  I  had  so  far  gathered  on  my  trip.  This  :ncl tided: 

proposal  to  use  AFTA  for  data  collection  and  engine  diagnostics  {see  section  3), 

GE  Fort  Wayne  feeling  that  a  box  similar  to  AFTA  would  be  usable  but  would  be  improved  w  ith 
the  addition  of  alternator  test  functions  and  an  internal  analog-digital  converter  for  con¬ 
nection  to  a  fixed  bullet  box  on  the  engine  (section  4]  and 
LLSAF’s  DM  ICS  program  with  F40-J  models  fsee  sections  (>  and  1*1). 

Don  indicated  that  DND  had  not  proceeded  any  turther  with  GAN  l  OPS  proposal1  tor  the  development  of  a 
F404  ECU  diagnostic  unit  and  were  unlikely  to  do  so  without  specific  requirements  being  raised.  He 
also  said  that  DND  felt  that  its  current  inventory  of  F404  ECUs  (about  35)  was  likely  to  be  suffi¬ 
cient.  with  lower  than  expected  ECU  faults  and  the  relativclv  short  time  required  for  repair  and 
testing  of  removed  units  through  GE  Fort  Wayne. 

Capt  Jim  Henry  of  DND.  who  is  doing  a  Masters  thesis  on  work  at  NRCC.  described  his  work  on  analys¬ 
ing  IECMS  engine  data.  He  said  lie  tried  to: 

establish  precision  and  repealibility  of  IECMS  data, 
investigate  methods  for  trending  using  dynamic  (transient)  data. 

This  was  done  by: 

1.  Comparison  ot  IECMS  data  with  NRCC  test  cell  data.  (Note  that  NRCC  test  cell  has  extra 
probes  including  those  to  allow  separate  measurement  of  afterburner  fuel  flow,  not  measured 
during  flight. |  There  was  a  bias  (inference  Ix’tween  some  NRCC  and  IECMS  data  (e  g.  I  | .  I  s) 
but  alter  a  bias  correction  technique  was  applied,  precision  of  sensors,  etc.  appear  com¬ 
parable 

2.  Airborne  assessment.  |Note  pan  of  Uniform  Engine  lest  Program  DLTP| 

I  l 


He  used  laboratory  results  to  help  to  define  the  airborne  engine  data  precision  and  compared  this 
experimental  estimate  with  the  measured  errors.  In  order  to  analyse  only  data  relating  to  rapid 
accelerations,  [where  engine  response  is  not  dependent  on  pilot  rate  of  power  lever  movement)  the 
method  ignores  all  data  where  the  nozzle  did  not  close  and  then  re-open  when  recording  started  as 
the  engine  reached  the  Military  Power  level  [Mil-Power].  Using  this  technique,  he  has  obtained  a 
matrix  of  data  plots  for  5  to  30  degrees  Celsius  inlet  temperature.  He  had  reached  no  conclusions 
relating  to  Po  or  T|.  For  the  same  engine,  fuel  flows  were  consistent  to  within  ±2%  and  Nj/N?  to 
within  ±0.5%.  He  indicated  that  he  was  unable  at  present  to  reject  any  of  these  matrix  pairs. 

During  the  data  collection  a  High  Pressure  Compressor  [HPC]  fault  was  found  and  repaired.  Two  sets 
of  data  had  been  collected  before  the  repair  and  four  after  but.  comparison  of  the  two  "before"  data 
sets  revealed  that  an  engine  change  had  occurred.  This  leaves  only  one  data  set  before  the  event 
and  four  after.  Jim  advised  that  he  knew,  via  Denis  Frith,  of  work  being  done  on  IECMS  data  by 
Peter  Frith.  Tony  Runacres  and  Graeme  Merrington  of  ARL.  He  also  noted  that  NRCC  has  developed  its 
own  steady  state  F404  engine  model  (based  on  NRCC  test  cell  data)  as  well  as  using  the  GH-supplied 
engine  acceptance  data. 

Major  Bruce  Cossar  of  DND  spoke  to  me  by  telephone  and  explained  that  he  was  unable  to  attend  NRCC 
to  meet  me  due  to  being  involved  in  the  acceptance  testing  of  some  new  equipment.  He  indicated  that 
DND  would  be  interested  in  looking  at  a  proposal  for  an  F404  ECU  tester  but  was  unlikely,  at  the 
moment,  to  initiate  a  request  for  such  a  proposal.  I  promised  to  send  him  a  copy  of  my  visit 
report. 


7.2  Tour  of  NRCC. 

I  was  shown  test  facilities  and  data  acquisition  systems  in  the  Engines  laboratory.  These  included 
the  T56  engine  rig,  the  F404  engine  test  stand.  PDPI 1/34  based  data  acquistion  systems  and  a  new 
MicroVAX  data  processing  system. 


T56. 


A  water  cooled  brake  dynamometer  was  connected  to  the  T5b  engine  which  was  fully  instrumented. 
Pressures  and  temperatures  were  piped  down  to  the  control  room  to  the  scan i valves  and  data  acquisi¬ 
tion  system.  A  current  problem  concerns  control  of  the  T56  (nominally  a  fixed  speed  engine)  at 
speeds  different  from  the  design  speed.  A  modified  fuel  controller  with  more  range  of  adjustment 
is  to  be  tried. 

F404. 

This  test  stand  is  being  modified  to  add  hydraulic  repositioning  ol  the  ilirusl  cradle  and  to  use 
thrust  flexures  suitable  for  both  compression  and  tension.  NRCC  has  added  to  the  GE  procedures  lor 
the  F404  engine:  these  extras  include  improved  measurement  of  fuel  flow.  Fuel  flow  to  the  total 
engine  is  redundantly  measured  and  the  fuel  to  core  engine  is  diverted  to  an  olf-engine  measuring 
circuit  comprising  a  temperature  sensor,  two  flow  meters  and  another  temperature  sensor  before  com¬ 
ing  back  on  engine.  A  couple  of  the  signals  on  J6I  arc  also  used  but  neither  of  these  is  Ni  [see 
section  4J. 

Da  I  a  Acquisition. 

The  test  cell  systems  run  RTI I  (Version  5.3  at  the  time  of  niv  visit)  and  are  being  standardized  to 
include  NEFF  signal  conditioning  equipment. 

Data  comparison  was  being  carried  out  by  a  new  MicroVAX  with  VT24I  and  Visual  230  terminals  and 
IIP7550  plotter.  Ethernet  (to  run  under  DECnet)  was  being  installed  between  the  MicroVAX  ami  the 
test  cells  and  possibly  also  to  the  PDPI  1/55  in  the  site  computer  centre  for  networking  to  the  site 
IBM  mainframe.  A  PDPI  1/55  running  RSX  was  in  use  on  a  rotor  balance  rig. 
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Stewart  Hughes  instrumentation  is  being  acquired  for  vibration  work  [person  working  on  this  was 
already  on  way  to  MFPG  conference,  see  later  section  1.  This  is  likely  to  be  vised  on  ship  turbines 
for  the  Canadian  Navy. 


7.3  Artificial  Intelligence.  JAI] 

Don  noted  that  Rolls  Royce  was  already  using  AI  on  Adour  and  RBI 99  engines  for  vibration  analysis. 
NRCC  will  try  using  an  expert  system  for  the  rotor  balance  rig  which  requires  operator  expertise  to 
set  up  and  select  correct  transducers. 


7.4  Modelling. 

Roland  Gagne  of  Systems  Lab  showed  me  the  new  AD  100  array  processor  which  was  on  a  VAX  at  that  stage 
but  was  to  be  moved  to  a  MicroVAX.  He  noted  that  the  other  contender  for  this  work  was  an  LAI  Sim- 
star  which  was  rejected  on  cost.  The  AD100  has  5  processors  and  provides  high  level  systems  calls 
to  solve  differential  equations  and  similar  problems.  Roland  showed  me  the  proposed  modelling 
arrangement  which  uses  NRCC  data  (as  look-up  tables  plus  linear  interpolation)  for  compressor  maps, 
etc.  The  p?rson  working  on  this  pioject  took  up  another  position  soon  after  starting  and  this  may 
delay  this  project.  (ART  is  not  alone  in  having  problems  attracting  people  in  the  control/modelling 
field.]  Roland  was  currently  writing  routines  to  allow  existing  ACSL  programs  to  be  used  on  the 
AD100.  [Note:  ACSL  is  a  registered  trademark  for  a  "Simulation  Language"  written  for  mainframe 
computers .  \ 


8.0  VISIT  lOCJE  LYNN. 

A  major  presentation  was  made  by  <JL  on  the  following  topics: 
i:CU  ('able  Swapping  Harness: 
l  -KM  Continuity  Tester. 

Depot  Tester  (ATI:): 

I:CU  Reliability  Record 

Craig  Litster,  Australian  NAVPRO  QA  Officer,  was  present  and  GL  was  represented  bv  Trie  Stephen 
Ray  Grady.  Kd  Jeffrey.  John  Welch  and  William  Anderson.  Bob  cuant  and  Phil  (irear  provided  the  F404 
field  maintenance  reports.  John  Smith,  the  local  Australian  TLPO  officer,  was  unavailable  apart 
from  a  brief  meeting  on  my  arrival. 


8.1  ECU  Swapping  Harness. 

This  is  a  set  of  long  cables  which  allow  the  L('l)  on  one  engine  to  fimetion  .is  the  I  XT  for  the  other 
Cooling  is  still  provided  bv  the  engine  on  which  the  IX  U  is  mounted  Some  early  Llectrical  f  ield 
Interference  (LIT)  with  this  arrangement  has  been  overcome  bv  changes  to  the  cable  screening. 
(There  is  a  conflict  between  cable  capacitance  and  cable  screening  that  makes  if  difficult  to  estab¬ 
lish  the  correct  level  of  screening  I  I  understand  that  Australia  has  not  decided  to  order  litis 
unit.  Annex  A  discusses  all  tester  options  further 


8.2  F404  Continuity  Tester. 


GE  originally  proposed  a  two-part  tester  for  the  electrical  components  on  the  F404  engine.  The 
mock-up  of  the  ECU  tester  was  rejected  because  of  perceived  problems  with  size  and  ergonomics.  (The 
US  Navy  has  a  30  pound  (14  kilogram)  limit  on  individual  pieces  for  O-Level  equipment.]  As  well  as 
being  a  "big  yellow  box",  this  tester  had  a  very  large  number  of  knobs  and  dials.  However,  the 
second  pan  of  this  proposal  did  proceed  and  the  "Continuity  Tester"  was  produced.  I  he  Continuity 
Tester  tests  harnesses  and  other  electrical  components  on  the  engine  and  can  detect  open  or  shorted 
sensors,  etc.  It  can  perform  only  very  rudimentary  testing  in  the  ECU  itself.  The  current  US  Navy 
version  of  this  tester  is  rated  for  full  O-Level  environment  and  has  no  connection  for  the  ECU.  A 
more  complicated  model  [which  may  be  available  in  a  cheaper  non-military  environment  version]  still 
under  test  at  GE  would  add  connection  to  the  J61  connector  and  enable  some  detection  of  ECU  errors. 
The  extra  fault  trees  for  that  testing  have  yet  to  be  developed  but  the  hardware  prototype  is  being 
tested.  Ed  Jeffrey  noted  that  a  problem  with  the  AFTA  approach  (McAIR)  is  that  the  engine  is  nor¬ 
mally  serviced  in  USA  by  mechanics  and  not  avionics  personnel. 


8.3  Depot  Tester  ATE. 

The  US  Navy  has  decided  to  purchase  two  ECU  ATE  units.  The  first  is  currently  being  made  for 
Jacksonville  Naval  Air  Station  for  1988-89  delivery,  and  the  second  hac  been  deliv*— rf  * n  North 
Island  Naval  Air  Station  (San  Diego)  in  California.  The  GE  proposal  to  the  Spanish  Air  Force  for 
F404  engine  ground  support  includes  an  ATE  for  the  test  stand.  Since  this  Spanish  proposal  is  under 
the  Foreign  Military  Sales  (FMS)  agreement,  it  would  be  possible  for  Australia  to  also  order  an  ATE 
under  FMS.  This  would  reduce  the  price  significantly  relative  to  the  last  GE  quotation  to  the  RAAF 
for  an  ATE.  Further  reductions  may  be  possible  if  the  environmental  chamber  was  manufactured  in 
Australia  to  GE  drawings  and  GE  used  some  of  their  offset  obligations  on  this  project.  Annex  A 
discusses  the  ECU  tester  proposals  in  detail. 


8.4  ECU  Reliabity  Record. 

GE  presented  me  with  some  tables"''"4  on  ECU  removal  rates.  Again  representatives  noted  that  the 
high  removal  rates  are  due  to  the  ease  of  removal  of  the  ECU.  the  dependence  of  other  engine  compo¬ 
nents  on  the  ECU  for  correct  operation  and  the  lack  of  an  on-enginc  ECU  tester. 


8.5  Other  Talks  at  GE. 

I  briefly  discussed  the  controller  for  T700  engine  with  Paul  Misoda.  and  arranged  contacts  for  Ken 
Fraser's  proposed  visit  to  discuss  mailers  relating  to  the  Black  Hawk  helicopter.  Craig  I.itstcr 
noted  a  lack  of  communication  to  him  from  ARL.  He  offered  to  help  with  any  future  visits  to  Lynn. 


9.0  ATTENDANCE  AT  4 1  ST  MFPG  CONFERENC  E. 

I  drove  from  Washington  to  attend  the  last  morning  of  the  three  day  meeting  organized  by  the  Mechan¬ 
ical  Failure  Prevention  Group.  This  was  the  group's  41st  meeting  and  was  held  at  the  Naval  Air 
Station  at  Patuxent  River  Maryland  The  MFPG  meeting  is  sponsored  bv  the  US  National  Bureau  of 
Standards.  Office  of  Naval  Research  and  Army  Materials  Technology  Laboratory  in  cooperation  with  the 
American  Helicopter  Society. 

I  arrived  slightly  fate  due  to  traffic  problems  but  was  able  to  listen  to  the  last  half  of  a  talk  by 
Derek  Astridge.  then  ot  Westland  Helicopters  I  noted  that  he  had  made  considerable  use  of  heli- 
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copter  gear  vibration  data  collected  in  Australia.  The  following  two  papers  by  Paul  Howard  of 
Tedeco  and  Ron  Stewart  of  Stewart  Hughes  (UK]  related  to  helicopter  monitoring  equipment  and  again 
work  done  at  ARL  was  mentioned.  1  then  presented  a  paper  written  by  Cec  King  and  Ken  Fraser.  This 
paper  covered  a  wide  range  of  work  in  helicopter  monitoring  done  at  ARL  by  the  authors,  Neil  Swans- 
son,  Shane  Favaloro.  Max  Atkin.  Peter  McFadden,  Ray  Krieser  and  others.  This  paper  was  extremely 
well  received,  particularly  the  part  describing  the  work  done  by  Peter  McFadden  on  Wessex  gear 
vibration  analysis.  Many  people  asked  for  copies  of  the  reference  list  and  the  conference  organizer 
Larry  Mertaugh  had  a  number  of  copies  made  and  distributed.  During  question  time,  one  engineer  com¬ 
plimented  Peter  for  the  papers  he  has  published  in  this  field  and  described  his  own  application  of 
the  ARL  methods  in  factories.  A  list  of  people  who  asked  for  further  details  is  included  in  the 
list  of  contacts  [Sect.  18].  It  includes  two  senior  engineers  from  United  Technologies  Sikorsky 
Aircraft.  The  presentation  at  this  meeting  has  been  followed  up  by  visits  of  r.-.ore  senior  staff  front 
ARL  to  Sikorsky. 

Neil  Swansson  from  ARL  and  Lincoln  Wood  ofRMIT,  who  were  both  on  USA  attachments  at  the  time,  were 
present  at  this  conference  along  with  staff  representatives  of  the  Australian  Embassy,  Washington, 
including  the  RAN  representative.  The  support  during  question  time  was  much  appreciated.  Lincoln 
Wood,  who  was  on  attachment  to  Sikorsky  Engineering,  sent  Ken  Fraser  of  ARL  a  facsimile  on  3-Nov-86 
in  which  he  said,  referring  to  this  conference:  "The  ARL  paper  was  very  well  received  and  generated 
a  lot  of  interest  with  regards  to  signal  processing.  You  may  be  interested  to  know  that,  in  my 
assessment,  ARL  appears  to  be  further  advanced  in  condition  monitoring  than  any  US  group  represented 
at  Maryland.  Of  course,  the  Westland/Stewart-Hughes  group  was  way  out  in  front." 

After  lunch  the  conference  organizers  had  arranged  a  tour  of  NATC.  Unfortunately.  1  had  to  move  on 
to  my  next  appointment,  which  was  with  the  McDonnell  Aircraft  representatives  at  NATC. 


10.0  VISIT  TO  MCDONNELL  AIRCRAFT  REPRESENTATIVES  [NATC], 


The  main  contact  for  this  meeting  was  supposed  to  be  Steve  Kapinos.  He,  and  most  of  his  colleagues, 
were  unavailable  due  to  attendance  at  the  funeral  of  a  pilot  killed  in  the  crash  of  a  F-18  several 
days  earlier.  I  was  able  to  talk  in  general  terms  with  Larry  Thomas  and  gained  an  impression  that 
they  would  have  been  unlikely  to  have  been  able  to  contribute  much  additional  information  about  the 
F404  Engine  Control  Units. 

It  was  the  only  time  on  the  whole  trip  that  prior  arrangements  made  were  not  carried  out  and  the 
reason  was  beyond  criticism.  I  much  appreciate  the  effort  Larry  made  to  talk  with  me  in  the  circum¬ 
stances. 


11.0  VISIT  TO  NAVAL  AIR  SYSTEMS  COMMAND  WASHINGTON. 


Both  this  visit  and  the  following  one  were  to  buildings  in  the  same  group  as  my  Motel  in  Washington. 
At  Naval  Air  Systems  Command  [NAVAIR  or  NASC)  my  contact  was  John  Carvct  I  briefed  John  on  the 
purpose  of  my  visit  and  on  discussions  held  so  far.  We  then  discussed  several  aspects  of  engine 
control. 
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11.1  Possible  Future  Digital  Controllers  for  F404. 

John  said  GE  had  made  several  proposals  for  digital  controllers  for  the  F404.  Only  the  proposal 
referred  to  as  the  Digital  Engine  Control  Unit  [DECU]  had  been  funded  so  far  and  the  decision  not  to 
proceed  further  with  this  had  probably  made  other  proposals  more  difficult  to  fund.  The  latest  GE 
proposal,  referred  to  as  DEEC/F404.  was  raised  6  to  9  months  prior  to  my  visit.  This  proposal  aims 
to: 

use  the  latest  surface  mount  technology; 
reduce  the  price  of  the  ECU  by  50%; 

provide  a  digital  controller  with  the  same  form  and  function  as  the  existing  ECU: 

save  approx  3  pounds  [1.4  kg]  in  weight;  and 

use  the  T700  proposal  [see  below)  as  its  technology  base. 

The  DEEC/F404  proposal  has  not  been  funded  and  could  take  over  two  years  to  convert  into  hardware 
after  acceptance.  John  seemed  to  think  that  upgrade  of  the  F404-400  ECU  was  unlikely  except  as  pan 
of  a  general  engine  upgrade  some  time  in  the  future.  He  noted  that  the  Advanced  F-18  project  was  in 
"moth-balls". 

[Note  that  the  DECU  used  in  the  F404-I00  and  RMI2  is  not  a  direct  replacement  for  the  ECU  in  the 
F404-400.  It  was  designed  for  single  engine  installations  such  as  in  the  F-20  and  Gripen  (Griffon) 
aircraft.  Several  actuators  and  some  engine  components  would  need  to  be  changed  on  the  F404-400  to 
use  this  controller.] 


11.2  Other  DEECs  on  Related  Engines. 

A  DEEC  is  being  designed  for  FI  10  evaluation  and  a  DEEC  is  being  built  for  the  T700  engine  and  is 
likely  to  be  available  within  two  years  [to  improve  the  competitiveness  of  the  T70O  with  the  KTM322 
engine  from  Rolls  Royce  and  TurboMeca  which  was  designed  with  digital  control). 


11.3  Other  DEECs. 

The  first  Pegasus  F402-RR-404  ergine  proposed  for  the  AV8B  Harrier  upgrade  had  just  been  delivered. 
This  engine  uses  a  two-channel  DEEC  with  mechanical  backup.  Each  DEEC  has  a  built-in  fault  diag¬ 
nosis  system  to  keep  track  of  all  faults  which  occur  in  (light.  It  uses  Ultra  Violet  erasable 
Programmable  Read  Only  Memory  (PROM  or  UVPROM)  based  software  to  allow  software  revision 
without  hardware  changes.  [Take  lid  off  box  and  change  PROMs;  lop  board  visible  has  actuator  PROMs 
etc.  while  the  next  board  (rest  of  PROMs)  is  accessible  by  lifting  the  top  board  on  its  flexible 
connections:  i.e.  do  NOT  need  to  disconnect  any  boards  to  change  software  ] 


11.4  Burn-In  on  F404  ECU. 

US  Navy  is  asking  GE  to  burn-in  ("shake  and  bake"  test)  ECU  before  shipping.  GE  is  currently  seek¬ 
ing  to  amend  this  proposal  in  some  repects.  most  notably  bv  requesting  that  time  spent  in  setup 
procedures  be  counted  as  burn-in  lime. 


This  raises  the  question  as  to  whether  Australian  ECUs  are  to  receive  the  burn  in 


treatment. 


12.0  VISIT  TO  AUSTRALIAN  F18  PROJECT  OFFICE  (TFPO  WASHINGTON). 


In  the  afternoon.  I  had  a  short  visit  to  the  Australian  FA- 1 8  Project  Office  (originally  called  the 
Tactical  Fighter  Project  Office  and  still  using  the  abbreviation  TFPO],  where  my  contact  was  WGCDR 
R.P.  (Dick)  Hedges.  I  advised  Dick  on  the  purpose  of  my  visit  and  the  progress  so  far  and  left 
copies  of  the  new  McAIR  AFTA  proposal  [Section  3  and  Annex  A]  and  some  details  of  GE  reliability 
data  [Section  8],  He  was  unable  to  advise  whether  the  GE  Continuity  Tester  [Section  8]  had  actually 
been  ordered.  Suggested  I  ring  John  Smith  (TFPO  at  GE  Lynn)  regarding  this  and  advising  him  that  GE 
appears  to  have  a  better  proposal  for  a  test  stand  in  mind. 


13.0  VISIT  TO  NAVAL  AIR  PROPULSION  CENTER. 

The  Naval  Air  Propulsion  Center  is  at  Trenton,  one  of  the  three  cities  which  make  the  TRI-CITY  of 
Trenton-Philadephia-Wilmington.  Of  all  the  establishments  I  visited,  this  was  the  closest  style  of 
establishment  to  Propulsion  Branch  at  ARL. 

My  main  contact  here  was  Russell  W.  (Russ)  Vizzini,  Program  Manager  Advanced  Engine  Control  Sys¬ 
tems.  Russ  presented  me  with  a  folder  of  information  on  the  subject  of  engine  control  research 
being  done  in-house  or  externally  with  NAPC  funding.  Engine  control  research  was  discussed  in  the 
light  of  the  other  information  I  had  collected  on  this  subject. 

The  presentation  from  Russ  covered  the  background  to  the  engine  control  field  and  various  projects 
which  NAPC  were  involved  in. 


13.1  Background  to  Turbine  Engine  Control. 

In  the  1950s  and  1960s.  turbine  engines  such  as  the  TF30.  used  hydromechanical  control  with  tempera¬ 
ture  limiting.  During  the  1970s  engines  such  as  the  FI0O  and  F404  retained  the  hvdromechanical 
control  but  added  electronic  trim.  Newer  designs  now  use  electronic  control  with  hvdromechanical 
backup.  In  the  1990s.  advanced  engine  controls  will  use  dual  path  or  "fail  operational"  electronic 
controls.  This  will  be  followed  by  multi-path  integrated  propulsion/airframe  control  with  such 
technologies  as  "fly-by-wire",  "fiy-by-light"  and  optical  sensors. 

The  dual  channel  control  systems  will  reduce  mission  abort  rates  even  without  added  reliability. 
Current  flight  systems  show  much  lower  abort  rates  than  engine  systems  do.  With  fully  redundant 
engine  controls,  it  should  be  possible  to  increase  the  Mean  Time  Between  Failure  from  about  100 
engine  hours  to  500  hours  and  at  the  same  time  reduce  the  mission  abort  rate  front  over  1000  to  I  per 
million  flight  hours.  (This  occurs  because  the  probability  of  two  failures  occurring  is  the  product 
of  the  probability  of  each  failure;  if  this  probability  is  small,  then  its  square  is 
infinitesimal.) 

NAPC  sees  the  trend  as  towards  an  "integrated  system  architecture"  where  aircraft  systems  such  as 
the  Electronic  Flight  Control.  Diagnostic  Data  System.  Electrical  Power  Supply  and  Hydraulic  Power 
Supply  all  interact  with  the  engine  sub  systems  such  as  Ihe  Electronic  Engine  Control.  Fuel  System 
and  Direct  Drive  Actuators. 


13.2  Navy  Control  System  Technology  Programs. 


Russ  described  six  NAPC  advanced  propulsion  control  system  programs  and  an  engine  monitoring  pro¬ 
gram  These  wete; 

I  FI0O  FADEC  Certification  completed  in  1985; 
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2  Advanced  Fuel  Management  (AFM).  a  four  year  program  completed  1986: 

3  A  programon  Analytic  Redundancy  Technology  for  Engine  Reliability  Improvement  (ARTERI) 
which  should  complete  the  three-year  development  phase  in  1987;  a  follow-on  program  will 
test  and  demonstrate  the  improvements  achieved; 

4  A  major  long  term  program  on  Fiber  Optic  Control  System  Integration  (FOCSI)  which  is  a 
joint  project  with  DOD  and  NASA  to  demonstrate  "fly-by-light"  and  for  which  onlv  a  single 
year  (1987)  contract  had  then  been  funded; 

5  A  Fibre  Optic  Sensor  for  Turbine  Inlet  (FOSTI)  temperatures  was  to  be  the  subject  of  a  two 
year  from  1986  contract; 

6  Multimission  Engine  Control  for  Aircraft  (MECA)  which  is  another  joint  project,  this  time 
with  NWC.  and  was  about  to  start;  and 

7  EMS  which  is  a  proposal  to  extend  existing  F- 15  Engine  Monitoring  Svstem  technology  to  suit 
the  F- 1 8. 


FIOO  FADEC  Certification. 

Pratt  and  Whitney  had  been  contracted  to  arrange  the  certification  of  the  Full  Authority  Digital 
Engine  Control  (FADEC)  for  the  FIOO  engine  This  project  had  been  successfully  completed  before  my 
visit. 

AFM  Program. 

The  Advanced  Fuel  Management  program  had  already  been  completed  by  Pratt  and  Whitney.  This  program 
involved  the  examination  of  the  hardware  needed  by  :econd  generation  digital  engine  controls  and  the 
contract  involved  installation  of  redundant  electronics  and  sensors,  advanced  actuators  and  pumps  on 
the  Joint  Technology  Demonstrator  Engine  (JTDE).  Arrangements  considered  included  the  use  of  twin 
centrifugal  fuel  pumps,  redundant  actuators  comprising  direct  drive  valves  and  tandem  rams,  dual 
hydraulic  systems,  redundant  sensor  sets  and  dual/dual  electronic  computers.  Improvements  in  the 
fuel  and  hydraulic  pumps  saved  more  mass  than  that  taken  up  by  the  redundant  electronics  and  sensors 
allowing  an  overall  mass  saving  while  improving  reliability,  durability,  maintainability,  and  cost. 
Operability  was  also  improved  since  the  FADEC  offered  improved  response  for  better  transient  opera¬ 
tion  and  more  precise  steady  state  operation,  A  future  extension  of  this  project  may  look  at 
further  increases  in  hydraulic  pressures  (to  say  8000  psi)  to  further  reduce  hvdraulic  svsiem  mass. 

ARTERI. 

Like  AFM.  the  program  on  Analytic  Redundancy  Technology  for  Engine  Reliability  Improvement  (ARTERI) 
was  to  use  the  JTDE  tor  the  follow-on  evaluation  phase.  The  development,  for  which  General  Electric 
is  the  prime  contractor,  uses  the  GE23  Variable  Cycle  Engine  and  completion  was  expected  in  1987 
The  aim  was  to  design  an  analytically  redundant  control  engine  system  which  should  be  fault  tolerant 
and  capable  of  accommodating  a  single  sensor,  electronics  or  actuator  fault  throughout  the  engine 
operating  envelope.  In  the  ARTERI  concept,  the  controller  includes  a  real-time  model  of  the 
engine/controller  system  and  uses  component  tracking  and  failure  detection  filters  to  keep  track  ol 
all  sen»urr.  .'•''tumors,  etc. 

FOCSI. 

The  FiberOptic Control  System  Integration  (FOCSI)  project  involvesGE.  P&W.  BMACand  McAIR  as  con¬ 
tractors  It  aims  to  design,  fabricate  and  test  a  totally  integrated  fibre-optic  propulsion/flight 

control  system  for  application  to  advanced  military  aircraft.  FOCSI  is  a  joint  project  involving 

NASA.  USN.  US  Army  and  USA!  in  four  phases;  Design  Study:  Design  Fabrication:  Engine  lest  and 
Flight  Test  It  is  hoped  that  the  flight  test  will  take  place  in  1995. 

One  ol  the  considerations  is  the  location  of  the  engine  control:  three  options  include  an  on  engine 
FADEC.  an  off  engine  FADEC  using  optical  interconnection  and  lor  comparison,  an  ofl  engine  FADEC 
using  wire  cable  The  required  mass  of  wire  cables  clearlv  shows  that  the  last  option  is  not 

realisable  and  shows  a  cabling  mass  advantage  for  the  first  option  which  has  been  selected  lor  the 
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initial  High!  test.  A  major  portion  of  this  program  involves  the  development  of  fibre-optic  compa¬ 
tible  sensors  a  ml  actuators. 

FOSTI. 

The  Fiber  Optic  Turbine  Inlet  Temperature  Measurement  System  program  (FOSTI)  is  separate  from  FOCS! 
since  it  involves  the  commercialization  of  technology  developed  in-house  at  NAPC.  The  probes  use  a 
metal  film  on  the  end  of  a  ceramic  walled  sapphire  fibre  to  detect  temperature-,  this  has  then  to  be 
joined  to  standard  silica  fibres  and  pass  through  a  multiplexer  to  the  conditioning  unit.  Initial 
test'ng  will  use  six  probes  arranged  around  a  natural  gas  burner.  Allison  Gas  Turbines  (AGT)  is 
expected  to  be  the  contractor. 

MECA  Program. 

Multimission  Engine  Control  for  Aircraft  (MECA)  is  another  joint  Navy  project  and  aims  to  conceptu¬ 
ally  design  an  engine  control  system  for  Navy  niultimission  fighter/attack  aircraft.  It  was  expected 
that  Allison  and  GE  would  run  parallel  programs. 

EMS  Options. 

Each  of  the  programs  mentioned  above  concentrate  on  facets  of  the  design  of  the  next  generation 
digital  engine  controls  and  the  integration  of  these  controls  with  other  aspects  of  the  aircraft 
control.  The  FOCSI  program  includes  a  look  at  Engine  Monitoring  Systems  (EMS)  as  a  concept.  EMS  is 
aiso  t*cir»g  studied  as  part  of  a  plan  to  upgrade  the  F/A-18  Inflight  Engine  Condition  Monitoring  Sys¬ 
tem  (IECMS).  With  FADhC  systems  using  two  or  more  separate  "controllers'’  for  redundancy.  EMS  can  be 
built  into  the  system,  as  a  separate  processor  in  each  redundant  controller,  a  separate  job  in  each 
controller  or  as  a  separate  processor  connected  to  both  controllers 


13.3  Helicopter  Monitoring. 

Jim  O'Donnell  discussed  a  possible  monitoring  task  on  ESN  SH-3  Sea  King  helicopter*  I  gave  detail* 
of  ARE  work  on  transmission  monitoring  of  the  Mk50  Sea  King  helicopter  operated  bv  the  RAN  and  prom¬ 
ised  to  send  a  copy  of  the  ARE  paper  which  I  presented  at  the  Ml PG  meeting  Jim  noted  that  very 
little  work  bad  been  done  on  the  role  of  temperature  sensors  in  detecting  problems  in  gearboxes. 
(This  was  also  mentioned  by  Hill  Sullivan  of  the  Naval  Air  ReWork  Facility  (NARF).  Pensacola,  in 
discussions  after  the  MFTG  meeting  at  NAIC  | 


13.4  I  404  Work  at  NAPC’. 

Al  Kush  (later  joined  hr  icily  bv  Theodore  F  (led)  I  l  sasser.  Manager  large  Engines  ami  Performance 
Division)  discussed  work  done  at  NAPC  on  E404  I  hiring  the  I  404  development.  NAP(  ’  received  test 
engines  from  GE  Lynn  and  NAPC  performed  all  tests  [except  those  relating  to  endurance]  on  these 
engines.  (Cooling  problem  .arising  from  the  high  exhaust  temperature  (F404  has  concentrated  high 
energy  flow)  precluded  long  term  testing  in  existing  NAPC  test  ceils  without  added  cooling  to 
stack.)  The  F404  was  subject  to  more  testing  than  any  other  engine,  including 
Altitude  test  to r  performance  using  inlet  screens  not  intake: 

-  -  Functional  test  at  corner  |K>ints  on  envelope  e  AH  light  al  minimum  temperature  and 
pressure; 

Distortion  tests  on  inlet  and 
Ingestion  tests,  c  g  ice  and  water 

NAPC  simulates  altitude  by  pumping  the  exhaust  to  atmospheic  to  simulate  lower  ambient  piessuie. 
throttling  the  inlet  (or  ram  as  appropriate)  and  bv  conditioning  the  inlet  temperaiuie  using  a 
number  of  heat  exchangers.  I  he  distortion  test  used  an  Inlet  Random  Frequency  Generator  developed 
bv  GE  lor  original  HI  homhei  engine'  1  he  F404  r  isib  accommodated  large  distot  lions 
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I  was  joined  at  this  point  hv  Harry  Yuhas.  who  has  polymer,  combustion  and  aero  dynamic  experience. 
| He  noted  that  polymer,  i.e.  plastics,  experience  relevant  to  soot  formation  problem.)  Barry  dis¬ 
cussed  F404  derivative  testing: 

1984  DECIJ  Comparison  Tests. 

These  tests  ran  a  direct  comparison  (bv  swapping)  proposed  DliCU  and  current  E(  U  on  CIP  (Component 
Improvement  Program)  version  of  engine.  The  DHC'U  proved  to  be  not  very  reliable  and  had  some  other 
problems. 

RM12  Derivative  for  VOLVO  Flygmotor. 

This  is  a  derivative  of  the  F404-100.  The  -100  and  RM12  are  optimized  for  single  engine  installa¬ 
tions.  The  RM12  uses  a  DEEC  with  a  single  channel  plus  backup  and  has  some  substitution  modes.  It 
is  significantly  more  expensive  than  the  F404-400  version.  It  has  a  combat  mode  (high  Ts  setting) 
added  during  the  "wet"  part  of  the  power  range  (afterburner  on). 

F404-400D. 

This  is  a  dry  (no  afterburner)  version  of  the  F40-J  being  developed  to  re-engine  the  A6F  It  also 
uses  a  special  ECU  but  this  does  NOT  use  digital  technology.  It  needs  modified  schedules  since  the 
nozzle  is  not  adjustible.  The  A6F  uses  a  curved  exhaust  pipe  but  the  test  cell  ures  a  straight  pipe 
»o  keep  the  engine  thrust  line  in  the  direction  of  thrust  measurement  along  the  test  cell 

(irowth  Version. 

Barry  expects  a  growth  version  of  the  engine  to  be  developed  m  the  1080/91  timeftame  and  that  this 
engine  will  use  a  FADHC 

Beth  Circm  took  me  on  a  tour  ot  the  test  cells  where  \  saw  the  P404-  being  installed  in  the  alti¬ 
tude  cell.  I  noted  that  the  instrumentation  being  used  included  NEFF  620  signal  conditioner,  ns 
used  at  NRCC.  NAPC  also  still  uses  Tektronix  40(16  high  resolution  monochrome  displays  in  the  test 
cells. 


14.5  F404  EC l1  Maintenance. 

Thomas  R.  Metz.  Program  Manager.  Keliahilitv/Maintainahiliiv  Fngmening  Programs,  discussed  P4()4 
ECU  maintenance  1  hontas  arranged  for  computer  pimtouis  on  Nav\  actions  on  i(  1 1  over  the  pie\  ions  IS 
months  to  be  available  lor  discussion  I  he  Navv  h.is  approximatelv  loot)  P-104  engines 

Phis  list  highlighted  several  points 

Electrical  Conttol  (’nit.  Part  27471.00  was  variously  relerred  to  (largelv  b\  ditlerent 
bases)  as  the  ECU,  the  ECA  (Electrical  Control  Assemble)  and  CAE  (Control  Assemblv  Plecti  i 
cal): 

Approximately  150  actions  on  this  component  were  taken  over  this  period. 

Some  units  have  up  to  live  actions,  but  thev  include  irplacement  after  repair,  etc  and 
A  large  number  ol  "cannibalisation  ’  actions.  wln*te  ECU  Iroma  "good"  engine  isswap|H*d  'o  ;i 
problem  engine,  occurred 

I  his  last  point,  which  indicates  units  being  swapped  between  engines  toi  diagnosis.  max  indicate 
that  the  US  Navv  needs  an  (>  I  wcl  1(1  testri  1 


13.6  Exchange  Possibilities. 


The  possibility  of  staff  exchanges  between  NAPC*  and  Propulsion  Branch  ARE  was  mentioned  bv  several 
people  w-hile  1  was  at  NAPC*.  Since  niv  visit,  action  to  pursue  staff  exchanges  has  been  taken. 


14.0  VISIT  TO  SYSTEMS  CONTROL  TECHNOLOGY. 

Systems  Control  Technology  (SCT)  is  one  of  a  pair  of  related  companies  which  "spun-off"  from  the 
nearby  Stanford  Research  Institute  (SRI).  The  other  company  Systems  Control  (SYSCON)  is  a  commer¬ 
cial  company  now  owned  by  British  Petroleum  (BP).  SCT.  as  a  US  military  contractor,  is  now  run 
separately  to  SYSCON  because  of  SYSCON  *s  foreign  ownership.  (SYSCON  markets  die  control  design  pro¬ 
gram  CONTROI-c  which  is  a  competitor  for  MATRIX,  in  the  design  and  analysis  of  control  systems  (see 
next  section).) 

SCT  is  a  company  of  about  200  people  of  whom  18%  have  PhDs.  SCT  has  been  an  independent  company 
since  1981.  There  are  four  main  op»*r.  ting  divisions,  each  with  about  five  departments  of  5  to  10 
people.  (These  departments  include  a  group  working  in  AI  applications.)  Two  of  these  departments 
were  engaged  in  work  relevant  to  my  visit.  These  were  Maintenance  and  Logistic  Systems  department 
in  the  Systems  and  Products  Division  (R.L.  Do  Hoff  is  leader,  my  contact  was  Timothy  Jellison)  and 
;hc  Control  and  Instrumentation  department  of  the  Advanced  Technology  Division  (Stephen  M.  Rock, 
group  leader  and  contact). 


14.1  Controls  Projects. 

My  first  contact  was  with  Stephen  Rock  who  spoke  about  SCT  work  on  engine  controls  He  spoke  of  a 
number  of  Technology  Demonstrators,  some  of  w  Inch  have  been  already  mentioned  under  aFW.aI.oi  NAPC 

FIDO  DKEC  Program. 

This  very  successful  program  involved  Ron  De  Moll  from  the  beginning  and  Sttn.  towards  the  end.  It 
led  to  the  production  of  the  F 100-220  engine,  one  of  the  first  military  engines  to  use  digital  con¬ 
trol. 

Variable  Cycle  Engine. 

SCT  was  involved  in  the  mathematical  modelling  ot  to.*  (iF.2L  a  variable  c\cle  engine  design  this 
was  a  demonstration  of  the  limit  of  technology.  An  interim  repot t  on  tins  project  is  about  to  be 
published. 

Allison  GMA200. 

SC  I  supplied  the  logic  lor  Bcndtx  to  put  in  the  contiollei  Inn  this  u.is  tested  In  running  a  model 
on  a  hybrid  computer 

l)MI(S. 

SCI  was  in  one  ot  the  two  teams  engaged  m  tins  US\I  micgi.itcd  lontiol  design  mctln*dc»[<‘gv  piogtam 
SCI  was  strongly  involved  with  Noilhnip  in  Might  simulation 
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Sensor  Fault  Detection. 


SCT  is  involved  in  a  computer  modelling  project  with  Walter  Merrill  of  NASA  Lewis  to  detect  FI(X) 
sensor  faults.  Steve  noted  that  modelling  errors  swamp  the  mcasurand  noise  in  this  project  which  is 
now  on-test  at  Lewis. 

Engine  Modelling  and  Parameter  Identification. 

The  aim  is  to  produce  an  improved  F404  cycle  deck  with  more  accurate  compressor  and  combuster.  etc. 
parameters.  This  is  needed  if  integrated  control  is  to  be  demonstrated.  This  F404  model  also 
involves  Tim  Horling  of  NAPC  and  Roger  Burton  of  NATC.  It  involves  largely  a  refinement  of  parame¬ 
ter  identification  techniques;  SCT  is  working  with  the  USN  to  try  to  extract  transient  data  from 
USN  test  data. 

Failure  Accommodation. 

Steve  noted  that  the  usual  method  of  failure  accommodation  used  the  "Bank  of  Kalman  Filters” 
approach  which  has  proved  to  be  a  good  technique  except  for  the  accommodation  of  a  faulty  rotor 
speed.  Typically  1 1  inputs  are  used  for  6  outputs. 


14.2  E.igine  Maintenance. 

At  this  point.  Tim  Jcllison  took  over  the  presentation  Tim  said  that  CHMSiv.  developed  four  years 
previously  by  SCT,  was  now  the  standard  USAF  maintenance  support  tool  for  engines.  A  new  extension 
of  this4^  is  XMAN  which  is  a  menu  option  on  the  CEMSiv  workstation.  XMAN  is  being  implemented  for 
the  TF34  engine  and  will  be  ported  to  the  FI 00-220  next,  with  the  first  FI 00  demonstration  scheduled 
for  early  1987  at  Nellis  AFB. 

XMAN  currently  has  57  different  alarms  or  rule  files  and  was  written  in-house  by  SCT  .  MU-LISP.  It 
is  presently  deterministic  and  not  a  learning  or  AI  program.  The  next  version  will  add  inferences" 
with  "certainty  factors”  and  learning.  The  current  version  has  over  400  decision  nodes  aru:  the  pro¬ 
totype  had  been  installed  for  field  trials  the  week  before  I  arrived.  Tim  gave  me  copies  of  the 
presentations'^  ■40,41  42,43  on  both  CEMSiv  and  XMAN  and  I  was  able  u  see  a  demonstration  of  the 
latest  version  from  Jill  Jossclyn,  one  of  the  authors.  SCT  requested  a  copy  of  the  ARL  paper  on 

ii-dis5-'. 


15.0  VISIT  TO  INTEGRATED  SYSTEMS  INC:. 

Yet  another  derivative  of  SRI,  Integrated  Systems  Inc  (ISI)  markets  the  software  package  MATRIX* 
which  appears  to  be  widely  regarded  as  the  best  control  design  and  analysis  package  on  the  market. 
My  contact  at  ISI  was  Andy  Mills  who  is  the  Director  <4  Marketing. 

Andy  showed  me  new  version s4ft,<* 1  ^  ofMATRIX,  running  on  VAXstations  and  IBM  PCs.  He  told 

me  that  ISI  was  about  to  deliver  a  field  lest  version  of  an  FLXNi  implementation  to  NASA  Drvden  for 
beta  testing.  He  estimated  that  an  ELXSI  version  would  cost  about  US$85k  when  available,  and 
explained  that  it  ran  under  the  VAX-VMS  emulator  on  the  ELXSI  which  is  called  EMS.  This  comes  ns  a 
three  part  set;  Compile  Time.  Operating  Set  and  VAX  Utilities  onlv  the  Updating  Set  part  is 
reeded  to  use  MATRIX,  since  an  object  file  is  supplied 

Cuirently.  most  sales  of  MATRIX,  are  lor  use  in  the  VAX  environment  and  ISI  has  released  its  m*w 
Version  6  only  for  the  VAX  and  VAXstation  (and  of  course  for  the  I  I  XSl )  PC  s  and  non  VAX  mainframes 

■>  i 


use  Version  5  and  older  workstation  products  such  as  that  for  Apollo  still  use  Version  4.  [  This  may 
explain  the  comments  at  Boeing  about  the  VAX  version  being  much  better  than  the  Apollo  one!) 

I  was  most  impressed  with  the  workstation  and  PC  versions;  1  do  not  see  that  the  mainframe  versions 
can  be  justified  for  purchase  by  a  customer  unless  very  large  and  complex  systems  need  to  be 
modelled.  The  AUTOCODE  option  which  writes  Fortran  77  or  ADA  code  for  the  controller  designed  by 
MATRIXx  seems  like  a  quick  way  to  eliminate  the  routine  steps  from  a  control  design  process.  [I 
have  since  arranged  an  ARL  order  for  an  IBM  PC  and  the  appropriate  version  of  MATRIX*;  funds  for 
the  purchase  of  AUTOCODE  by  ARL  are  being  requested  during  the  1988-9  financial  year.] 


16,0  GENERAL  IMPRESSIONS. 

One  of  the  most  impressive  aspects  of  this  visit  to  USA  and  Canada  was  the  enthusiastic  reception  l 
received  wherever  I  visited. 


16.1  Relevance  of  ARL  Work. 

1  was  pleased  to  discover,  both  by  the  reception  to  the  papers  I  presented  and  by  talks  with  staff 
at  other  establishments  I  visited,  that  work  being  done  at  ARL  is  regarded  as  relevant  and  of  high 
standard.  It  is  sometimes  difficult  to  maintain  an  even  perspective  of  local  work  standards  when 
Australian  effort  is  (in  relation  to  USA)  so  small  in  this  area. 


16.2  Trend  lo  Contracting  Laboratories. 

I  noted  when  discussing  AFWAL/POTC  in  section  6  that  there  wfas  an  almost  complete  trend  to  the  use 
of  contractors  to  do  all  the  research.  This  trend  was  not  as  marked  in  the  US  Navy  establishments 
(and  may  of  course  not  be  as  notable  in  other  sections  of  AFWAlj  and  certainly  not  as  (Mined  at 
NRCC.  While  l  can  sec  an  increased  role  for  contractors  is  possibly  justified  in  Australia.  I  was 
somewhat  alarmed  at  this  trend.  In  ten  or  twenty  years  time  when  the  contracts  arc  no  longer  being 
supervised  by  people  with  the  background  of  Lester  Small,  will  the  whole  system  collapse?  Since  no 
one  in  the  laboratory  will  have  relevant  experience,  will  the  officers  who  currently  arrange  the 
placement  of  external  contracts  be  replaced  hy  ex-contractor  personnel?  In  that  case,  who  will  mon¬ 
itor  for  conflict  of  interest ?  Personally.  I  would  hope  that  basic  research,  and  a  proportion  of 
applied  research  and  development,  should  always  be  done  in-house. 


16.3  Trend  to  Integrated  Control. 

The  marked  trend  noted  in  overseas  control  research  is  towards  integrating  the  engine  into  a  propul¬ 
sion  control  system  including  the  intake  and  no/zle  and  then  further  integrating  that  into  a 
combined  system  with  the  flight  control.  This  trend  was  confirmed  in  almost  all  discussion*  but 
there  was  no  uniformity  of  opinion  on  how  it  could  be  done. 


16.4  Recommendations  on  KCU  Testers. 


Detailed  d  scussion  of  the  possible  test  arrangements  for  the  electrical  components  on  the 
F404-GE-400  are  discussed  in  a  separate  Annex.  As  a  result  of  that  discussion,  f  am  recommending 
that,  subject  to  sufficient  funds  being  available  and  the  costs  being  reasonable: 

1  The  General  Electric  proposal  for  a  "cable  continuity"  tester  be  accepted:  and 

2  The  McDonnell  Aircraft  proposal  to  extend  AFTA  to  read  MSDRS  tapes  and  test  the  ECU  via  a 
EDAB  be  seriously  considered. 

The  General  Electric  proposal  for  RAAF  to  acquire  an  Automatic  Test  Equipment  (ATE),  including  an 
environmental  chamber  to  suit  the  ECU,  is  considered  unwarranted  for  the  expected  number  of  ECU 
removals  and  faults  in  Australia,  unless  significant  cost  savings  could  be  made  and  faults  could  be 
rectified  in  Australia. 

A  short  seminar  discussing  information  and  impressions  gained  during  this  overseas  visit  was  given 
by  the  author  at  ARL  on  3- Dec-86. 


17.0  ITINERARY. 


11  -Oct-86  > 

13- Oct-86 

14- Oct-86 

15- Oct-86 
!6-Oct-86 
1 7-Oct-86 

1 8/  IO-Oct-86 
20-Oct-86  >  > 

24-Oct-86 

25/26-00-86 

27- Oct-86 

28- Oci-86 

29- Oct-86 

30-  Oct-86 

3 1  -Ocl-86 

l/2-Nov-86 

3-NOV-86 

5-Nov-86 

6/7/8-Nov-86 


12-Oct-86 

Travelling  (Week  End) 

Rest  day 

BOEING  Flight  Controls,  Seattle.  Washington 
Travelling 

McDonnell  Aircraft  Company.  St  Louis.  Missouri 
General  Electric  Company,  Fort  Wavne.  Indiana 
Week  End 
23-Oct-86 

AIAA/AHS/ASEE  Aircraft  Systems  Meeting.  Dayton.  Ohio 
[Presented  two  papers  in  sessions  on  2 1 -Oct-86.) 

Air  Force  Wright  Aeronautical  Laboratories  [AFWaI.J 
POTC  division.  Dayton.  Ohio 

Travelling  and  Weekend 

National  Research  Council  of  Canada.  Ottawa 

Travelling 

General  Electric  River  Works.  Lynn.  Mass. 

AM: 

41st  Mechanical  Failure  Prevention  Group  Symposium 
PM: 

McAIR  (Naval  Aviation  lest  Outer] 

BOTH  at  Patuxent  River.  Maryland 

AM: 

Naval  Air  Systems  Command.  Crystal  Cilv.  Virginia 
PM: 

RAAF  118  Project  Office.  Crystal  City.  Virginia 
Travelling  and  Week-end 

Naval  Air  Propulsion  Centre.  Trenton.  New  Jersey 


AM: 

Systems  Control  Technology.  Palo  Alto.  California 
PM : 

Integrated  Systems  Inc..  Palo  Alto.  California 
Travelling  (Includes  one  rest  dav) 


18.0  LIST  OF  CONTACTS  (LISTED  IN  ORDER  OF  CONTACT1. 


1  Dr  Dagfinn  Gangsaas.  Hoeing  Military  Airplane  Company,  PO  Box  3707,  MS  33- 1 2  Seattle  Wash¬ 
ington  98124-2207  (Note  situated  at  SEA-TAC  Airport,  not  at  Boeing  Everett) 

2  George  Hennig,  Supervisor,  Control  Sciences  Group,  BMA C,  11th  Floor.  Boeing  North  Tower 
Sea-Tac  Airport 

3  Donald  G.  Iverson.  BMAC  as  above. 

4  A.J.  (Jerry)  Volsen,  Lead  Engineer  -  Electronics,  F/A-18  Advanced  Design,  McDonnell  Air¬ 
craft  Company ,  PO  Box  516.  St.  Louis,  Missouri  63166.  [(314)234-2070) 

5  J  t  Bingel.  General  Electric  Company,  Aircraft  Engine  Electronic  Controls  Department 
(AEECD).  PO  Box  2232,  (2000 Taylor  Street)  Fort  Wayne  Indiana  46801-2232  ((2 1 9)434-5300] 

6  Ronald  H.  Haack,  Project  Group  Leader.  General  Electric  Company,  AEECD  Fort  Wayne  as 
above:  ((219)  434-5264] 

7  Dennis  J.  Berry.  Program  Manager,  F404-400/TF/CF34  Electronic  Controls,  General  Electric 
Company,  Aircraft  Engine  Electronic  Controls  Department  (AEECD),  Evendale,  N 134,  Cincinnati. 
Ohio  45215.  [(513)243-3734] 

8  Shahid  Siddigi:  Prof.  Aeronautical  Engineering.  Embrv-Riddle  Aeronautical  University, 
Regional  Airport.  Daytona  Beach,  Florida  32014,  USA.  A! A  A  Flight  Jesting  Paper 
Co-ordinator. 

9  Lester  Small.  Wright  Patterson  Air  Force  Hose.  AFWAL/POTC.  Dayton  OHIO  45433 
((513)255-2744] 

10  Don  M.  Ruditski.  Head  Engine  Laboratory.  Div  of  Mechanical  Engineering.  National  Research 
Council  of  Canada ;  Building  M7,  Montreal  Road.  Ottawa  ONT  DIA  OR6  CANADA. 

1 1  Major  Bruce  Cossar.  Dept  of  National  Defence,  National  Defence  Headquarters.  Ottawa  Ontar¬ 
io  KIA  OK2  CANADA. 

12  Eric  L.  Stilphen.  Foreign  Military  Sales  Support  Program  Manager.  F404  Project  Department 
Aircraft  Engine  Business  Group.  General  Electric  Companv.  1000  Western  Avenue.  Lynn.  Mass. 
01910  ((617)594-13941 

13  Warrant  Officer  John  Smith.  Australian  F404  Representative.  NAVPRC)  c /-  General  Electric 
Company,  as  above.  ((6 1 7)594- !  204] 

14  Craig  Ulster.  Australian  QA  Officer.  NAVPRO  cl-  General  Electric  Company,  ns  above. 

15  Lawrence  J.  (Uirry)  Mertaugh.  Naval  Air  lest  Center,  Patuxent  River.  Maryland 

16  Derek  Astridgc.  Wcsilands  Helicopter  l  td  .  Yeovil.  England. 

17  Paul  L  Howard.  Acroquip,  / 'PDF CO  Division.  Gleuoble.  PA  i 9(1 36 

18  Ron  Stewart.  Ste»wi  Hughes  Southhampton.  England. 
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19  Jack  L.  Frarey.  Chief  Engineer.  Shaker  Research  Corporation.  968  Albany-Shaker  Hoad,  Lat¬ 
ham.  New  York  1 2 )  1 0  [5 1 8/785-257 1  j 

20  DavidS.  Totten.  Staff  Engineer.  Borg-Wamer  Corporation,  Wolf  and  Algonquin  Roads.  Des 
Plaines.  Illinois  6001 8  [3 1 2/827  3 1 3 1 ) 

21  Steve  Goldman,  Principal  Engineer,  Goldman  Machinery  Dynamics  Corp. ,  6  Mallard  Drive.  West 
Nyack.  NY  10994  [914/634  0674] 

22  Donald  J.  Reynolds.  Aerospace  Engineer/Test  Pilot.  US  Army  Aviation.  Apache  Test  Branch. 
Fort  Rucker, AL  36362  [205/255  4381/5561] 

23  Kenneth  A.  Letter,  Senior  Staff  Scientist,  Monitoring  Technology  Corporation ,  2779  Hart- 
land  Road.  Falls  Church,  Va  22043  [703/698-5520] 

24  Raymond  G.  Carlson,  Chief  -  Advanced  Research  and  Development.  United  Technologies 
Sikorsky  Aircraft,  North  Main  Street.  Stratford.  Connecticut  06601  [(203)  386-4000] 

25  Joe  Pratt,  Engine/Transmission  Monitoring.  United  Technologies  Sikorsky  Aircraft .  North 
Main  Street.  Stratford.  Connecticut  06601  [(203)  386-4599] 

26  Lincoln  A.  Wood,  Senior  Lecturer  in  Aeronautical  Engineering,  Royal  Melbourne  Institute 
of  Technology  [03-660  2942] 

27  Peter  Bloomfield,  Managing  Director.  Veter  Bloomfield  and  Company  Ltd..  20/2 1  Suffolk  St 
Pall  Mall  London  SWIY4HG 

28  J.R.  Loren.  Systems  Engineer.  BIB  Avionics.  Boeing  Mojave  Test  Center.  PO  Box  78.  Edwards 
AirForce  Base,  California  93523 

29  Steve  Kapi nos,  McDonnell  Aircraft  Company,  Hanger  1 15,  Naval  Air  Test  Center.  Patuxent 
River.  Maryland.  20670  [(301)863-4525] 

30  Larry  Thomas,  as  above. 

31  John  Carver.  Room  852,  Naval  Air  Systems  Command.  Jefferson  Plasa  Building  2  (JP2)  Wash¬ 
ington  DC  20361  USA  [(202)692-2653]  [Crystal  City  Arlington,  near  National  Airport] 

32  WG  CDR  R.  P.  (Dick)  Hedges.  Australian  Tactical  Fighter  Office.  1235  Jefferson  Davis 
Highway.  Gateway  Building  I.  Jefferson  Plasa  as  above. 

33  Russell  W.  Vizzini.  Program  Manager,  Advanced  Engine  Controls  Systems.  Naval  Air  I  repul¬ 
sion  Center.  Propulsion  Engineering  Department.  (PE32).  PO  Box  7 1 76,  [  1440  Parkway  Avenue] 
Trenton  New  Jersey  08628  IJSA  [Near  Mersey  County  Airport]  [(609)896-5940] 

34  Theodore  E.  Elsasser,  Manager.  Large  Engines  and  Performance  Division.  NAPC  as  above; 
[(609)  896-5864  AUTOVON:442-7864] 

35  Thomas  R.  Metz.  Program  Manager,  Reliability/Maintainability  Engineering  Programs.  NAPC 
as  above;  [(609)  8%-5870  AUTOVON  .443  78701 

36  Stephen  M.  Rock.  Manager.  Controls  and  Instrumentation  Group.  Systems  Control  /<•< Imologv, 
1801  Page  Mill  Road.  Palo  Alto  California  94303  USA  [(514)  494  2233| 

37  I imotliv  G  Jettison,  Engineer.  Systems  Contra!  technology,  as  above. 

38  Andy  Mills.  Director  Marketing.  Integrated  Systems  Inc..  101  University  Avenue.  Palo  Alto 
California  94301  1695  USA  [Since  moved  to:  2500  Mission  College  Bvd  .  Santa  (  lata  CA] 
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19.0  REFERENCES. 


(PAPERS  COLLECTED  DURING  VISIT  MARKED  *] 

1  R.W.  Kind.K.N.  Goddard  and  B.D.  Maclsaac;  CF-l 8 Engine  Health  Monitoring  Management 
I'Iqj .  and  Methodologies  -  ECU  Diagnostic  System  Development  Plan:  GTL-TR-7-9.5,  July  84. 

2  Collection  of  Briefing  Papers  on  Use  of  AFTA  for  ECU  Diagnostics,  EDAB  Requirements  for 
This  Role,  Use  of  AFTA  for  MSDRS  Tape  Transcription  and  Status  of  These  Projects:  Collected 
and  supplied  to  ARL  by  Various  RAAF  Sources  prior  to  Jul  86. 

3  J.D.  Nebauer;  ECAP  Technical  Croup  Meeting  SUPENG4  Action  Items,  Jan  85. 

4  G.F.  Forsyth:  A  Multi-Purpose  Airborne  Integration  Display  and  Data  Collection  System 
for  Monitoring  Jet  Engines:  AlAA-86-2719.  Oct  86. 

5  K.F.  Fraser:  Transmission  Fatigue  Life  Estimation  for  Sea  King  Helicopters  Operated  by 
Royal  Australian  Navy:  AIAA-86-2692.  Oct  86. 

6  K.F.  Fraser  and  C.N.  King;  Helicopter  Gear  Boa  Condition  Monitoring  for  Royal  Australi¬ 
an  Navy:  4 1st  MFPG  Meeting:  Nov  86. 

7  E.C.  Beattie.  R.F.  LaPrad.  M.M.  Akhter  and  S.M.  Rock:  Sensor  Failure  Detection  for  Jet 
Engines:  Final  Repot  t.  CR168190,  Mu)  82 

8  J.C.  DeLaat  and  W.C.  Merrill;  A  Real-time  Implementation  of  an  Advanced  Sensor  Failure 
Detection  Algorithm:  NASA  TM 83553:  Jan  84. 

9  D.  Gangsaas:  new  paper  not  yet  published;  Oct  86. 

10  A.J.  Volsen.  C.  Sanders  and  K.  Blankenship:  Collection  of  Briefing  Papers  on  McAIR 
proposals  to  Use  AFTA  for  Engine  Diagnostics:  Oct  86.  * 

1 1  Meeting  Program:  AlAAt  AUS/ASEF.  Aircraft  Systems.  Design  and  Technology  Meeting:  Oct  86. 
+ 

12  A.  Titiriga  and  B.  Hunt:  F-20  Evolution:  AIAA-86-2612.  Oct  86.  * 

13  T.M.  Weeks,  Advtnucd  teennotogy  Integration  for  Tomorrows  Fighter  Aircraft: 
A1AA-86-26IJ.  Oct  86.  * 

14  S.L.  Graham:  Design  Analysis  and  Methodology  for  Evaluating  hhght  Control  Systems: 
AIAA-86-2655.  Oct  86.  f 

15  C.J.  Callahan:  Tactical  Aircraft  I’ayoffs  for  Advanced  Exhaust  Nozzles :  A I AA-86-2660. 

Oct  86  * 

16  ILL.  Hildreth,  k. A  Burton  and  U  H.  Rabin:  Reducing  the  (lap  Between  the  Quantitative 
and  Qualitative  Design  testing  of  Control  Systems,  AI AA  86-27  I  ().  Oct  80.  * 

1/  M  R.  Anderson  ami  D  k  Schmidt:  Tormulating  an  Integrated  blight  Control  I  aw  Synthesis 
Stralcg  v.  A I A  A  86  2  7 1 1 .  Oct  86.  * 

18  D.A.  Dcels  and  I..E.  Brown:  Wright  Brothers  I  ecturcship  in  Aenmoutu  ' 
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Hi  MAT  Remotely  Piloted  Research  Vehicle  -  An  Alternative  Flight  Test  Approach: 
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ANNEX  A 

PROPOSALS  TO  IMPROVE  F404  ECU  MAINTENANCE 


A.l  BACKGROUND. 


The  Electrical  Control  Unit  (ECU)  is  a  Line  Removable  Unit  (LRU)  for  the  F404-GE-400  engine.  Since 
the  RAAF  has  no  test  apparatus  to  determine  whether  a  removed  ECU  is  faulty,  any  ECU  removed  needs 
to  be  returned  to  the  USA  for  testing.  This  is  costly  in  itself  but  also  implies  that  a  higher 
level  of  spare  ECUs  needs  to  be  maintained.  Since  the  ECUs  are  complicated  and  expensive  items.  ARL 
has  been  asked^  to  consider  possible  methods  of  improving  fault  detection  and  isolation  for  this 
unit  and  some  of  the  related  engine  components.  This  situation  is  further  complicated  by  various 
proposals  to  replace  the  current  ECUs  with  updated  units  at  some  time  in  the  future.  This  means 
that  measures  taken  now  must  take  the  life-span  of  the  existing  ECUs  and  ECU  technology  into 
account.  Ill  October  and  November  1986.  I  travelled  to  USA  and  Canada  to  look  at  the  possible  means 
of  testing  these  items. 


A.I.l  Engine  Control  Unit. 


The  F404-400  engine  has  a  mixed  hydro-mechanical  and  electrical  control  system.  The  major  component 
of  the  electrical  system  (referred  to  as  the  ECU)  is  a  fuel-cooled  transistor  unit  mounted  directly 
on  the  engine  and  powered  by  the  engine  alternator.  As  well  as  basic  electrical  tasks  such  as: 

1  Ignition. 

2  Electrical  power  (Alternator). 

3  Flame  detection,  and 

4  Electrical  interconnection; 

the  electrical  control  system  which  includes  the  ECU  performs  the  following  tasks: 

5  Isochronous  governing  above  intermediate  power  (Nj  speed  limit); 

6  Turbine  temperature  control: 

7  Scheduling  afterburning  fuel  flow; 

8  Scheduling  variable  geometry  such  as: 

8.1  Fan  geometry,  and 

8.2  Nozzle  area  control  during  afterburning; 

9  Power  lever  override  for  cither: 

9.1  Aircraft  signals  such  as  weapons  release,  and 

9.2  Approach  power  control  system; 

10  Monitor  functions  such  as: 

10. 1  Detection  of  fan  overspeed, 

10.2  Detection  of  various  electrical  failures. 

10.3  Detection  of  stuck  nozzle  control,  and 

10.4  Provision  of  signals  to  airframe  monitoring  system. 

|Note  that  the  llvdromechanical  (Main)  fuel  control  (MFC)  controls  the  compressor  geometry.) 

The  ECU  is  equipped  with  a  test  connector  (Jbl)  which  directly  connects  to  EC  U  inputs  and  outputs  as 
well  as  some  internal  ECU  signals.  This  direct  connection  can  be  a  benefit  but  also  produces  a 
problem  in  that  anv  connection  to  Jf»|  must  lx*  well  buffered  in  order  not  to  impair  the  ECU  reliabil¬ 
ity. 


A.  1.2  DECU. 


General  Electric  proposed  an  updated  version  of  the  ECU  which  incorporated  digital  logic.  This  unit 
was  a  functional  replacement  for  the  ECU  with  added  performance  and  a  claimed  increase  in  reliabili¬ 
ty.  The  major  enhancements  improved  transient  response  and  compensated  for  droop  (Engine  power 
dropping  as  heat  and  blade  creep  reduce  performance  from  set  level).  The  diagnostic  ability  of  the 
unit  was  also  increased  by  the  provision  of  built-in  test  routines  and  indicators  for  these  and  an 
increase  in  the  pins  on  J6!  to  128. 

The  DECU  was  not  purchased  by  any  of  the  major  F404-400  customers  and  did  not  proceed.  It  is  not 
the  same  as  the  redundant  digital  controller  on  the  F404-100  (which  is  optimized  for  single  engine 
fitment)  and  nor  is  it  a  Full  Authority  Digital  Engine  Controller  (FADEC).  Theie  was  also  some 
doubt  concerning  the  level  of  isolation  provided  for  the  new  JM  connector  on  this  unit;  it  appears 
that  the  lack  of  buffering  was  still  present  to  some  extent. 


A.  1.3  Maintenance  Requirements. 


The  maintenance  requirements  normally  arise  when  a  pilot  has  reported  an  engine  problem,  avionic 
equipment  has  reported  possible  engine  misbehaviour  or  analysis  o!  recorded  airtrameengine  Jata  has 
indicated  a  possible  engine  problem.  Diagnosis  would  proceed  first  on  the  installed  engine  and 
migrate  through  Intermediate  Level  to  Depot  Level  if  a  problem.  Much  could  not  be  repaired  in  the 
field,  was  found. 


A.  1.4  Operations  (O)  Level. 


At  operations  level  the  engine  is  usuallv  diagnosed  as  a  eompleir  ^.'inn  with  the  1(1'  fitted  I  he 
use  of  ECU  test  hardware  would  be  piactieal  onlv  il 

1  The  test  procedure  look  less  time  than  unit  icplat ement. 

2  I'lte  test  was  definitive  and  not  based  just  on  elimination. 

3  The  test  discovered  a  reasonable  percentage  ol  l.uiltv  units,  .uul 

4  The  test  did  not  indicate  a  significant  percentage  <4  sciviceafile  units  u>  fie  laultv 


A. 1.5  Intermediate  (I)  Level. 


Depending  on  the  result  of  the  <> -Level  testing,  the  I  Level  testing  mas  fie  eithei  on  a  removed 
module  or  a  removed  engine.  With  a  removed  engine,  similar  testing  procedures  to  those  for  O-I.evcl 
may  be  used  except  that  more  time  can  obviously  be  involved  Mine  removal  lias  already  occurred 
With  a  removed  module,  il  would  In*  necessary  to  simulate  engine  signals  to  test  the  LCD.  I  his  would 
require  more  complex  ami  more  intelligent  hardware 


A. I .f»  Depot  (D)  Level. 


Depot  level  testing  would  involve  cither  smiplc  lepaits.  full  verification  ol  rcp.nicd  It  Us  or 
simpler  selection  pmccdmes  to  authorize  deployment  to  a  remote  r rp.ni  erotic  I  he  Automatic  lest 
Equipment  (All  i  used  on  avionics  hoards  could  be  piogrummcd  loc.utv  out  sm  It  tunc  lions  d  there 
were  suffi<  icnl  fnuhv  boards  i»>  wanani  sin  h  at  lion 


A.  1.7  Kn till  Diagnosis  Procedures. 


Current  f^ull  procedures  tor  the  engine  involve  the  use  ot  fault  trees"  where  simple  tests  progres¬ 
sively  and  systematically  eliminate  various  assemblies  likelv  to  cause  the  indicated  fault. 
Depending  on  the  fault,  as  many  as  13  units  may  be  suspect  before  testing  begins.  The  tests  do  not 
involve  ECU  diagnostics  and  hence  ECU  faults  are  defined  by  elimination  of  the  other  possibilities. 
Such  a  test  is  not  definitive  and  fails  in  the  presence  of  two  or  more  faults. 


A. 2  PREVIOUS  PROPOSALS  FOR  EQUIPMENT. 


Various  proposals  for  test  equipment,  with  applications  in  this  area,  have  been  made.  Genera!  Elec¬ 
tric  (C.E)  has  specified  or  designed  several  testers  for  the  ECU  ranging  from  simple  O-Cevef  cable 
continuity  checkers  to  complex  D*  Level  Automatic  Test  Equipment  (ATE)  which  can  identify  problems  in 
individual  components  within  the  ECU.  The  ATE  is  essentially  the  same  as  the  equipment  used  to  sup¬ 
port  the  design  and  testing  of  the  140-4  ECU  in  the  factory. 


A. 2. 1  Original  (»E  Proposals. 


OF.  originally  proposed  a  two-part  tester  for  the  electrical  component  on  the  I  404  engine.  I  he 
separate  parts  handled  the  ECU  and  the  cabling  respectively.  The  mock-up  of  the  ECU  tester,  which 
would  have  been  capable  of  testing  both  installed  and  removed  units,  was  rejected  because  of  per 
ceived  problems  with  size  and  ergonomics.  (The  US  Navy  Ikis  a  30  pound  f!4  kilognmi  limit  on 
individual  pieces  for  O-I.evel  equipment.)  As  well  as  being  a  ’big  yellow  box  .  this  tester  had  a 
vetv  large  number  ot  knobs  and  dials. 

However,  the  second  part  ot  *h  s  proposal  did  pioccod  and  the  Continuity  ’Jester"  produced  I  he 
Continuity  Tester  tests  harnesses  and  other  electrical  components  on  the  engine  and  can  detest  open 
or  shorted  sensors,  etc  It  can  perform  only  very-  rudimentary  testing  in  the  ECU  itself.  I  he  cur 
rent  US  Navy  version  of  this  tester  is  rated  tor  lull  <>  l  evel  environment  but  has  no  connection  tor 
the  ECU. 


A. 2.:  (; ASTOPS  Proposal. 


I  he  Canadian  Detente  forces  ( ( '  1  >  |  > .  which  also  operate  I  404  (il.  400  engines  in  1  A  IS  am  tab.  com 
missioned  an  external  contractor  (Ciastops  l.td  .’)  to  undertake  a  design  stuck  tot  a  1  404  M  1  tesiei 
to  meet  CDF  requirements.  I  he  (IAS  !( >I‘S  proposal  consists  ot  a  rugged  portable  computet  which  con¬ 
nects  via  an  adapter  to  Jftl  ot  the  ECU.  Considetable  software  would  need  to  be  written  to  covet? 
both  open-loop  and  c  losed  loop  testing  I  he  advantage  of  tins  approac  h  is  the  use  ot  a  IV  wlm  b  mav 
have  multiple  uses.  the  disadvantage  is  the  huge  amount  ot  inhumation  and  sohwaie  needed  li 
would  not  appear  practical  without  the  direct  involvement  ot  (if 

It  would  appeal  that  the  (  anadians  have  iiot  proceeded  am  hit  diet  with  this  proposal  and  weie 
unlikelv  to  do  so  without  spec  i he  requiiements  being  laised  1  hev  feel  that  the  cuiicnt  i  UI  inven¬ 
tory  of  140  I  I  (  I  s  l.tboul  '^1  was  likely  to  be'  sufficient,  with  Inwet  than  expected  1(1  faults  ;uu! 
the  relativelv  short  time  ie<|iitieil  toi  repan  and  testing  of  removed  units  through  (il  lot!  Wavne. 


\  » 


A. 2.3  GENRAl)  Avionics  ATE  System. 


Australia  has  purchased  a  General  Radio  (GEN  RAO)  Automatic  l  est  Equipment  (ATI;)  svstem  for  diagnosis 
of  hoard  faults  on  removed  avionics  boards.  This  ATI;  could  he  extended  to  test  removed  ECU  hoards 
if  there  were  sufficient  demand  for  such  tests.  Such  an  extension  would  he  very  expensive  and 
unlikely  to  he  justified  bv  the  small  number  of  repairs  likely  to  be  required  hv  Australia.  Use  of 
the  avionics  ATE  has  not  been  considered  further. 


A.3  CURRENT  PROPOSALS 


Proposals  currently  available  for  consideration  include: 
A.3. 1  GE  Continuity  Tester. 


Equipment  to  test  cable  integrity  is  a  prerequisite  for  any  ECU  testing.  As  noted  i.i  section  A  2.1 
above.  GE  already  offers  such  equipment.  A  more  complex  model  [which  may  be  available  in  a  cheaper 
non-military  environment  version |  still  under  test  at  GE  would  add  connection  to  the  J6I  connector 
and  enable  some  detection  of  ECU  errors.  The  extra  fault  trees  for  that  testing  have  vet  to  be 
developed  but  the  hardware  prototype  is  being  tested 

If  the  cost  of  this  unit  is  reasonable.  I  believe  it  would  be  worth  purchasing  I  it  the  most 
appropriate  version  would  need  to  be  selec  ted 


A. 3. 2  Cable  Swap  Loom. 


With  a  twin-engine  aircraft,  n  is  theoretically  possible  to  eliminate  faults  in  certain  engine 
subassemblies  by  using  inter-engine  cables  to  swap  assemblies  from  one  engine  to  f!  •*  other  without 
physical  removal.  |This  process  should  not  he  performed  unless  fu,l  cable  testing  has  alieadv  been 
carried  out  and  requires  use  of  both  engines.  |  (ip.  has  certified  a  set  of  long  cables  which  allow  the 
ECU  on  one  engine  to  function  as  the  ECU  lor  the  other.  Cooling  is  still  provided  bv  the  engine  on 
which  the  ECU  is  mounted  Some  carlv  Electrical  l  it  Id  Interference  (EEI)  with  this  arrangement  has 
been  overcome  by  changes  to  the  cable  screening.  | There  is  a  conflict  between  cable  capacitance  and 
cable  screening  tli.it  makes  it  difficult  to  establish  the  coiiect  level  of  screening.}  I  understand 
that  Australia  has  not  decided  to  order  this  unit 


A.  3.3  McAlK  API  A  Proposal. 


I  hr  Avionics  Eanlt  Tree  \nalvser  (Ai  IAt  unit  is  being  developed  bv  Rritish  Aerospace  Australia 
(RAcAt  under  contract  to  McAir  to  teM  avionics  equipment  Me  An  has  purposed*  ,i  lurmbn  of 
extensions  to  the  role  of  this  equipment 


A  l 


A. 3.3. 1  Use  of  A  FT  A  For  ECU  P null  Detection. 


McAir  is  proposing  a  set  of  'Fault  Trees'  in  (lie  AFTA  unit  which  would  extend  the  existing  tests  hy 
incorporation  of  those  ECU  tests  which  can  be  performed  without  disconnecting  the  ECu.  AFT A  normal¬ 
ly  tests  avionics  by  invoking  (he  built-in  test  routines  in  the  selected  avionics  unit.  The  ECU 
does  not  have  this  capability  however  and  does  not  connect  to  the  aircraft  bus  from  which  AFTA  nor¬ 
mally  acquires  all  its  data.  For  these  reasons,  this  represents  a  major  upgrade  to  AFTA  requiring  a 
buffer  box  to  connect  to  the  engine,  cabling  and  an  engine  simulator  to  verify  the  engine  fault 
trees  as  well  as  software  to  support  the  user  interface,  fault  tree  selection  and  the  engine  simula¬ 
tion.  McAIR  had  net  done  any  major  work  on  the  engine  simulator  but  claimed  to  have  done  sufficient 
work  on  the  other  items  to  prove  that  such  a  role  for  AFTA  was  feasible . 

One  of  the  major  stumbling  blocks  in  using  AFTA  to  diagnose  faults  in  the  existing  ECU  is  the  lack 
of  any  interconnection  between  the  ECU  and  the  rest  of  the  aircraft  systems.  McAlR  proposed  to 
overcome  this  by  using  an  Engine  Diagnostics  Adapter  Box  (EDAB).  and  by  providing  improved  access  to 
data  from  the  on-board  Maintenance  Signal  Data  Recording  Set  (MSDRS). 

A. 3.3. 2  Using  AFTA  to  Read  MSDRS  Tapes. 

Since  AFTA  connects  to  the  aircraft  multiplexed  bus.  it  can  collect  data  from  any  other  unit  also 
connected  to  the  bus.  The  MSDRS  (defined  above)  records  a  wide  range  of  events  on  magnetic  tape 
cartridges.  These  data  are  currently  under-utilized.  McAlR  is  proposing  an  alternative 
data-col  lection  scheme  in  which  the  tapes  are  not  removed  from  the  aircraft.  Instead  AFTA  would  be 
used  to  read  the  tapes  in  situ,  to  transfer  these  data  to  a  database,  and  rewind  and  erase  the  tape. 
Some  of  these  data  relate  to  engine  events  such  as  the  fault  flags  which  lead  to  maintenance  checks 
on  the  ECU.  Accordingly,  this  proposed  use  of  AFTA  has  potential  application  in  the  testing  of  the 
ECU. 

A.3.3.3  McAlR  Buffer  Box  (EDAB)  Proposal. 

Only  some  of  the  available  engine  signals  are  transferred  to  the  airframe  and  are  recorded  hv  the 
MSDRS.  All  proposa.5  to  check  the  ECU  have  assumed  that  additional  connections  to  the  KU  (usually 
via  J61 .  the  test  connector  on  the  ECU)  will  be  necessary.  The  current  McAlR  proposal  for  the  EDAB. 
includes  buffer  amplifiers,  multiplexers,  analog  ic  digital  converters  and  a  microcontroller  (prob¬ 
ably  Intel  f?05f  famifvj  wirttin  (he  EDAB.  This  means  that  the  ECU  and  EDAB  combination  will  bo 
treated  as  a  testable  unit  bv  AFTA  under  the  McAlR  proposal  The  EDAB  will  have  a  direct  link 
(called  the  MC  I.ink)  to  AFTA  and  will  not  communicate  via  the  aircratl  bus 

A. 3. 3. 4  Hardware  and  Software  Standards. 

It  is  likely  that  VMM  standaid  boards  will  be  used  in  the  EDAB  and  that  software  will  be  written  m 
PE/M  with  transfer  to  ADA  some  time  in  the  (mure 

A  3.3.5  AFTA  Project  Direction. 

McAlR  has  concluded  that  a  joint  McAlKKiE/Customer  program  could  develop  Operational  (( )|  or  Inter¬ 
mediate  f 1 1  level  engine  test  capability  but  that  independent  efforts  bv  anv  one  of  these  groups  is 
unlikely  to  succeed.  McAlR  sees  some  of  these  proposed  new  AI  I  A  functions  becoming  on  hoard  func 
lions  for  the  Avionics  Integrated  Maintenance  Expert  System  (AIM PS)  when  avionics  improvements 
provide  space  and  added  on  board  computing  power  lor  such  extensions.  McAlR  claims  th.it  the  fust 
flight  of  the  AIMES  dermxiMiatoi  tn  January  (OKb  was  the  first  flight  of  an  expert  swrern  in  a 
fighter  aircraft. 
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A.3.3.6  AFTA  Project  Deficiencies. 

The  AFTA  approach  will  not  produce  a  full  test  system  capable  of  all  the  functions  of  the  GE  propo¬ 
sal.  Among  the  deficiencies  noted  for  this  approach  arc: 

1  There  is  a  lack  of  any  lest  routine  to  determine  alternator  failure; 

2  There  is  a  lack  of  any  method  of  stimulating  transient  failures,  such  as  thermal  cycling 

can  achieve; 

3  The  McAIR  proposal  would  require  a  redefinition  of  the  role  of  AFTA.  particularly  as  the  US 
Navy  does  not  currently  use  it  at  O-Level; 

4  Extra  test  sequences  (fault  trees)  would  need  to  be  developed  jointly  by  GE  and  McAIR;  and 

5  While  the  engine  is  normally  serviced  by  mechanics.  AFTA  is  usually  used  by  avionics  per¬ 

sonnel. 


A. 3. 4  GE  Full  ATE  Proposal. 


General  Electric  uses  a  full  ATE  system  in  testing  and  setting  the  ECU  parameters  on  the  production 
line.  This  consists  of  a  Hewlett  Packard  (HP)  computer,  a  range  of  test  instruments  and  an  environ¬ 
mental  chamber  which  allows  the  ECU  to  be  subjected  to  sharp  temperature  gradients.  This  is  a  depot 
style  facility  for  removed  units.  The  US  Navy  has  decided  to  purchase  two  ECU  ATE  units.  The  first 
is  currently  being  made  for  Jacksonville  Naval  Air  Station  for  1988-89  delivery,  and  the  second  has 
been  delivered  to  North  Island  Naval  Air  Station  (San  Diego)  in  California.  The  GE  proposal  to  the 
Spanish  Air  Force  for  F404  engine  ground  support  includes  an  ATE  for  the  test  stand.  Since  this 
Spanish  proposal  is  under  the  Foreign  Military  Sales  (EMS)  agreement,  it  would  be  possible  for  Aus¬ 
tralia  to  also  order  an  ATE  under  EMS.  This  would  reduce  the  price  significantly  relative  to  the 
last  GE  quotation  to  the  RAAF  for  an  ATE.  Further  reductions  may  be  possible  if  the  environmental 
chamber  was  manufactured  in  Australia  to  GE  drawings  and  GE  used  some  of  its  offset  obligations  on 
this  project.  This  would  still  be  a  very  expensive  item  of  hardware  and  is  not  suitable  for  tran¬ 
sportation  between  bases. 


A .4  LEVEL  OF  SUPPORT  JUSTIFIED. 


The  level  ol  support  justified  lor  the  ECU  depends  on  several  l.ietots.  These  factors  include  the 
likely  failure  rate  of  the  ECUs,  the  likelv  removal  rale  ot  the  ECUs  it  there  is  no  O  or  l -Lev cl 
tester  and  the  likelv  removal  rate  with  stieh  a  tester  A  higher  level  of  support  would  he  required 
to  provide  local,  in  lieu  of  overseas,  repair  ol  ECUs. 

Eased  on  US  Navy  and  GE  records'  '  *  'x  and  the  relative  number  of  engines  in  service.  I  believe 
that  planning  should  he  based  on  the  assumption  that  eight  ECUs  will  become  faulty  in  any  given 
12  month  period  and  that  eight  other  events  will  lead  to  removal  of  the  ECU  if  no  ECU  tester  is 
available.  The  "pipeline",  through  USN  to  GE  Evendale  and  back  via  USN.  lor  the  return  of  removed 
ECUs  is  estimated  at  18  months  The  "false  removals"  thus  lead  to  a  requirement  for  12  extra  spare 
ECUs  and  the  faults  to  a  similar  figure.  A  number  of  spares  would  he  carried  anyway;  these  will  be 
ignored  as  they  will  remain  the  same  in  all  eases.  Variations  in  the  level  of  local  support  would 
alfeet  the  requirement  lor  spare  ECUs. 
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A. 4.1  Local  Repair  of  the  ECUs. 


Local  repair  of  the  ECUs  implies  the  availability  of  a  D- Level  tester  and  a  repair  facility.  The 
turn-around  time  for  all  units,  faulty  or  not,  would  become  only  three  months.  This  would  save  20 
Spare  units  but  is  the  most  expensive  option.  This  option  has  not  been  considered  further,  since 
the  level  of  repairs  anticipated  would  hardly  justify  such  expenditure. 


A. 4.2  Local  D-Level  Testing. 


Local  D-Level  testing  requires  a  GE  ATE  in  Australia.  The  turn-around  time  for  the  non-faulty  units 
would  become  three  months  but  the  faulty  unit  turn-around  time  would  remain  18  months.  This  option 
requires  only  14  spares  and  so  saves  10  spare  units.  I  do  not  believe  it  will  ever  be  possible  to 
purchase  a  complete  ATE  and  environmental  chamber  for  the  cost  of  10  spare  ECUs. 


A.4.3  Local  O-Level  Testing  Using  AFTA. 


The  only  additional  hardware  required  for  local  O-Level  testing  using  AFTA  is  the  EDAB  "Buffer  Box" 
and  most  non-faulty  units  should  no  longer  be  removed.  At  best,  this  would  halve  the  spares 
requirement  to  12:  more  realistically  it  will  save  10  spares  which  is  a  similar  saving  io  that  pro¬ 
vided  by  the  D-Level  Tester  option,  but  at  a  much  smaller  cost. 


A.4.4  Local  O-Level  Testing  Using  Cable  Swap. 


Local  O-Level  testing  using  the  Cable  Swap  Loom  allows  the  ECU  of  one  engine  to  be  electrically 
swapped  with  the  ECU  on  the  other  engine.  I  have  estimated  that  this  procedure  would  halve  the 
number  of  non-faulty  ECUs  removed  and  produce  a  spare  requirement  of  18.  The  saving  of  6  spares  is 
the  lowest  for  the  systems  being  considered  but  this  system  may  represent  the  least  expensive 
option. 


A. 5  FUTURE  TREND  OF  ENGINE  CONTROL  UNITS  AND  TESTING  EQUIPMENT. 


The  method  to  be  adopted  for  testing  of  RAAE  ECUs  must  provide  a  long  term  solution  to  the  ECU  diag¬ 
nosis  problem:  the  method  should  Ixi  readily  able  to  accommodate  likely  future  ECU  changes.  The  two 
points  identified  here  concern  future  trends  in  testing  methods  and  future  upgrade  of  the  ECU 
itself. 


A. 5. 1  Role  of  Expert  Advisors  (AI). 


The  "Fan  1 1  Tree"  approach  lends  itself  to  computer  assistance.  This  is  even  more  true  it  informa¬ 
tion  on  fault  histories  is  kept,  allowing  more  likely  subassemblies  to  be  tested  before  less  likelv 
ones  I  would  envisage  that  an  Expert  Advisor  similar  to  the  ARL-funded  II  DIS  ‘  could  assist  great 
ly  in  identifying  which  tests  should  be  performed  next  for  anv  given  fault  signature  The  ALI  A 
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proposal  from  Me  AIR  envisages  that  an  expert  system  will  be  a  future  development.  Both  the  AFTA  and 
ATE  systems  would  be  similarly  enhanced  with  the  incorporation  of  expert  systems,  hut  the  AFTA  sys¬ 
tem  may  benefit  more  from  a  knowledge-bast  approach  because  it  would  be  more  widely  distributed. 


A. 5. 2  Replacement  of  ECU  with  a  Digital  Unit. 


At  some  time  in  the  future,  a  digital  replacement  for  the  ECU  will  probably  be  offered.  I  believe 
this  offer  may  become  available  as  early  as  the  1990s.  and  that  the  replacement  unit  will  include 
built-in  test  facilities.  This  means  in  effect  that  the  EDAB  of  the  McAJR  proposal  would  become 
redundant  but  only  a  change  of  software  would  be  needed  for  AFTA  to  continue  the  O  and  1-I.evel  ECU 
test  role.  The  GE  ATE  would  still  include  the  Environmental  Chamber  but  quite  a  few  of  the  test 
instruments  would  need  to  be  changed  in  my  opinion.  I  see  the  ease  of  updating  the  AFTA  to  match 
the  envisaged  ECU  upgrades  as  a  factor  in  favour  of  the  McAJR  proposal. 


A. 6  RECOMMENDATIONS. 


I  have  considered  all  of  the  above  options.  It  seems  sensible  to  have  a  specific  method  of  testing 
the  cable  looms  and  seems  also  that  an  F.CU  tester  could  be  justified  if  the  cost  did  not  outweigh 
the  savings  and  added  convenience.  The  McAlR  proposal  seems  the  best  option  as  long  as  the  costs 
are  shared  amongst  users  of  this  engine.  Accordingly.  I  wish  to  make  the  following  recommendations: 

A.  The  "Continuity  Checker"  made  by  GE  be  considered  lor  purchase. 

B.  Australia  support  the  development  of  AFTA  to  test  the  F‘104-400  ECU,  presumably  via  CIP 
funding  or  some  other  joint  development  with  other  users. 

C.  Australia  support  the  involvement  of  General  Electric  as  the  ECU  manufacturer  in  this  pro¬ 
ject. 

I).  In  the  event  that  the  AFTA  proposal  docs  not  proceed,  the  General  Electric  "Cable  Swapping 
I.oom"  be  considered  for  purchase. 


The  General  F.lectric  Automatic  Test  Equipment  (ATE)  proposal  is  not  seen  as  cost  effective  unless, 
for  other  reasons,  it  is  considered  necessary  that  repair  ol  the  ECUs  he  carried  out  in  Australia. 
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